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I 

Gentlemen r 

The work lias progressed steadily since the publica¬ 
tion of our .last volume of reprints. In this volume we 
include reprints of articles appearing since December, 
1923. This later work has confirmed our earlier deduc¬ 
tion that. cancer is the result of a crowding of cells 
together and a relative reduction in the circulation to 
the ihass thus formed. It is not the result of a primary 
change in the cells, but of an overcrowding of cells 
and -stagnation. These factors are important because 
->gi*owth depends on the accumulation and concentration 
of a certain substance formed as cells oxidize food mate¬ 
rial. This substance has been called the archusia (S). 
It is removed from the cells by the active blood circula¬ 
tion of the normal organism. 

In analyzing for the nature of the archusia, we have 
found that it is formed by all colls in nature and is the 
vitaiuiii B of food. Vitamin A is, on the other hand, a 
product of the growth reaction of cells. Cancer is the 
result of an o.xeessive local increase in vitamin B. Bac¬ 
teria and animal parasite.s lead to the production of 
cancer in that they liberate an excess of vitamin B in 
their growth. X-rays ami radium* indiice the forma¬ 
tion of vitamin B in tlie tissues. Coal tar induces 
cancer in that it dissolves ami removes tlie vitamin A 
from the tissues about it. Cancer may be thus reduced 
to terms of a local imbalance of the vitamin content of 
the tissues. 

These studies retliice cancer, therefore, for the first 
time to terms which can be readily correlated with the 
normal conditions of the life of man and other diseases 
peculiar to him. In them lies also the immediate hope 
foj* the development of means fox* the prevention and 
cui*e of this disease. 

*The experiments shawlng tlie action of the x-rays In the lib¬ 
eration of vitamin B in the tissues have been reported by ]Dr. 
EkLwln C. Srnst before the Int. -Con^. of Radiology in Liondon, 
July, 1925, and before the Radiolosrloal Society of North America, 
December 12. 1025. The reprints of these studies will be included 
in the next volume. 



It is with pleasure that we submit this report to you. 
It lias been your encouragement and generous support 
whicii has made this work possible. 

Respectfully siibmitted, 


jjirector of the Research Laboratories 
of the Barnard Free Skin and Cancer 
Hospital, and Assoc. Prof, of Experi¬ 
mental Surgery, Washington Univer¬ 
sity School of Medicine, Saint Louis, 
Missouri. 

Saint Louis, Missouri, 

December 31, 1925. 
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FACTORS REGULATING CELLULAR 
GROWTH AND THEIR IMPOR^ 
TANGE IN THE EXPLANA- 
TION OF CANCERS 

By Montrose T. Burrows. M.D., 
Department of Surgery, Washington University 
School of Medicine, and the Research 
Laboratories of .the Barnard 
Free Skin and Cancer 
Hospital, 

St. Louis, Mo. 

As has been pointed out in a previous article,^ 
not only the earlier work on cancer but also the 
recent careful studies of this disease have indi¬ 
cated that its cure and control will not be solved 
alone through the identification of the conditions 
whidi lead to its production. Its solution will 
be the natural outcome of the eventual deter¬ 
mination of the structure and metabolism of 
body cells. Cancer, unlike* inflammatory proc¬ 
esses, is not a reaction itself to certain irritating 
substances, but it is the result of a change either 
in the cell or tissue which when once established 
continues independent of the original causative 
agent or agents. It is an autonomous growth 
of certain body cells which continues like the 
growth of parasites to the destruction of neigh¬ 
boring tissues and organs and takes place at 
the expense of the nutrition of the whole. 

This deduction is clearly indicated by earlier 
studies and more definitely proven by many re¬ 
cent investigations. These later clinical and ex¬ 
perimental studies have shown that cancer may 
be induced by a variety of substances and condi¬ 
tions, such as coal tar, paraffin, other lipoid sol¬ 
vents, arsenic, certain animal parasites, the 
roent^n ray, radium, etc.; and that it may arise 
spontaneously in the course of the life of indi¬ 
viduals of certain families of mice, and in cer¬ 
tain congenital tumors and defects and in old 
ihflanunato^ processes in man. If coal tar be 
painted on the skin of a rat repeatedly over a 
long enough time, cancer invariably results. 
This mhcer once established, unlike inflamma- 
jtory processes, then proceeds independent of the 
tsar. Picices of the tissue may be transplanted 

•Read tn Section on Paiboilosy, SonOm IMioia 
dntlMiB, toettfceenISh Annuel Mectinc;- WedKlnalen, 0., 

. .... : 


to other, animals and so the disease may be prop^ 
agated throx^h many generations of aaimalB. 
It is too late for the pipe smoker to discard M 
pipe after the cancer has developed. An ilrm- 
trievable diange has alrady been established. 

The problem in cancer as it appears today is 
the same as it presented itself to many of the 
earlier authors. It is the problem of the ge^ 
eral conditions which regulate cellular growth ik 
the organism. 

As is well known, an active independent growth 
of cells in the body is peculiar alone, under nor¬ 
mal conditions, to the earlier periods deveh^- 
ment. At first this growth is quite genwalii^d 
Later it becomes localized, first in one part aim 
then in another. In man it ceases ^tirely 
with the laying down' of the last kidney tubnm 
and glomerulus at about ten days after biira. 
Subsequent to this time all growth is mei^oly 
the enlargement of preformed organs and tfs^ 
sues. It is like the hypertrophies and hyper¬ 
plasias of later life. 

In later life it is again well known that hyperr 
trophy and hyperplasia are related directly, to 
the functional activity of the part. Increase .the 
work of the heart, it grows. Decrease its active 
ity, it atrophies. So, in the same manner, the 
removal of a part of any organ or another orga;i^ 
of the same kind leads to an active enlarge¬ 
ment of the remaining parts. This enlarge¬ 
ment continues to the re-establishment of a cer^ 
tain size which corresponds to the functional d^ 
mand made upon the part. 

As a moderate increase in the functional der 
mands made upon an organ or a part is asseeir 
ated with the growth of that organ or part so 
further or excessive work is associated with- a 
degeneration of these same cells. Such a der 
generation is also seen in certain structures dar¬ 
ing development. The pronephros and the 
metanephros of higher animals suffer sueh 
changes as they give way for the development ef 
the kidney. 

Cancer represents a return of the property ef 
independent active gfrowth to certain cells, or 
rather to groups of certain cells in the oigaH^ 
ism. This independently growing tissue also 
suffers extensive degenerative changes in part. 
While the degenerations resemble ordinary 
tolytic changes, they differ from those seen 4n 
the infarct, for instance, in that they are net 
harmful for the organism. The disappearanqs 
of the pronephros or the metanephros does 
disturb the nutrition of the whole. - So H 
been shown that large tumors may diuppear'in 
a few days .^without evident toxic syifipteingar 
the'animal.’^ 

Cideely assocJiiited ibis, losef of 
cmt active jBPxNrtiii » the. deyelbpihg 
mkrlEed mdrpholbjgical and Chemical 
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\ also take place in the tissue. The various cella 
\ peculiar to the different organs and tissues are 

t differentiated. The blood vascular system de- 

i velops. The cells become separated by a rich 
I vascular network and by a deposit of extracel- 
I lular reticular fibres, the connective tissue 
fibrils. In early embryonic life the cells are 
dosely packed together. The number of capil¬ 
laries per unit cell area is small. In later life 
one sees great variation in the number of cells 
per unit area in any tissue. In the most cellu¬ 
lar tissue of this period all cells are closely beset 
with capillaries. The cells of the liver, for in¬ 
stance, are separated into columns no more than 
two cells thick. The circulation is active in 
ItUse capillaries. This is in contrast to the 
sipw, sinusoidal circulation of the embryonic 
liver. 

.. .Such an arrangement of cell peculiar to the 
^[diilt. is strikingly different, therefore, from the 
^nse cdl masses of cancer and early life. Can¬ 
cerous tissue is peculiar not only in ihat it grows 
actively and independently of the whole or of 
loxy functional demand made upon its cells, but 
it ajiain, like the tissues of early embryonic life, 
iff a densely cellular tissue. It is peculiar not 
tEiiat its cells are like the embryonal cells—^they 
kth not-^but that they are arranged in dense 
hiasses.. They have lost in many instances the 
shape peculiar to them in the normal tissues. 
Olheiwise they are not embryonal. The cells of 
the' cancer of the skin are skin epithelial cells. 
So the cells of the sarcoma are connective tissue 
cells. The only demonstrable change they have 
suffered is in their arrangement, their ability to 
grow and their shape. 

• • Cohnheim, like many older authors and a large 
modem school, has taken the view that this loss 
of independent growth of cells in eorly embryonic 
life is the direct result of some primary age- 
duinge in the cell. They have ignored largely 
the accompanying changes in the environment, 
the srradual separation of the cells by intercellu¬ 
lar substance and blood vessels. They have coxr- 
sidexed that the loss of independent growth dur¬ 
ing development is the direct result of a differ- 
eiitial. change the cells suffer or that it is due 
^.an aging of the cell. Cohnheim, therefore, 
introduced the view that cancers must always 
arise.fmm embryonal cdls whidti have lain lat- 
aut jn. the tissue and have not suffered such age- 
ranges. The failure to have found any . proof 
oC.the ecdstence of such .cells has led other su¬ 
tlers to believe that this . active independent 
g^wT iu cancer is due to a special diffexentia- 
^ the cells, a..hyperdifferentiation, for in- 
atanj^e, in the sense ot, Bobertson,> or. otherwise. 

coal tar and other specific substaQQejB act, 
therefore, only to change the general structure 
of^;f&iij‘cdU, to reihove special inhibitors', or' to 
'about a special differentiation in'these 

imr ^ 


All attempts to prove these later ideas have 
also failed. Hanselman thought he had proven 
such a differentiation in the discovery of ab¬ 
normal mitoses in cancer cells. Further careful 
studies have fully shown, however, that such ab¬ 
normal mitoses are readily induced in any nor¬ 
mal cells by merely changing the concentration 
of many stimulants capable of inducing normal 
divisions in these cells. Other studies of body 
cells have fully shown their fluid nature. This 
indicates clearly that their shape at all times is 
dependent upon their immediate environment. 
The difference in the shape of the normal cell 
from that of the cancer cell may be ascribed to 
a change in the general organization of the tis¬ 
sues rather than to any primary change in the 
cell. So in the same manner all other changes 
such as the change in the nuclear-cytoplasmic 
relationship have not been proven to be impor¬ 
tant. In fact, the better work of the last and 
this Century has shown quite clearly, as E. B. 
Wilson points out, that growth, differentiation 
and function are not determined by the cell, but 
by more general forces or stimuli active in the 
organism. Driesch showed when the first two 
blastomeres of the eggs of sea urchins are sep¬ 
arated each will develop into a mature individ¬ 
ual. He states: 

'*The relative position of a blaatomere In the whole deter- 
mines in general what develops from it; if its position be 
chanired it gives rise to something different.*'4 

As Wilson has clearly pointed out, cell-division 
in the organism at all times is determined by 
the environment and not the cell. He states 
that all evidence points to the fact that 

“cell-formation is subordinate to growth, or rather to the 
general fornwtive process of which growth is an expres- 
sion.“5 

What these earlier authors failed to find is 
the nature of the conditions leading to each of 
these various changes that the cells may suffer. 
Driesch noted that the normal growth of an ani¬ 
mal is related to a special form. He found that, 
when the gastrula of the sea urchin is bisected, 
each half does not grow at once, but only after 
each has reformed by a shifting of its cell.s into 
a perfect gastrula of one half the size. These 
observations of Driesch have been fully confirmed 
by Miss Bickford and Morgan for the regenera¬ 
tion of the hydranths of tubularians and for the 
regeneration of planaria from pieces of these 
animals. No growth takes place in the pieces 
until a perfect hydranth or animal of small size 
is reformed by a shifting of the cells.^ 

What Driesch failed to find were, the condi¬ 
tions which led to the primary remolding. He 
looked at. the. remolding as the work pi some 
vital force. That grox^ was. dependent upon 
this primary remolding, or a special arrange¬ 
ment of c^s, seemed certain to him. 

: The' -ihas hot only.-given 'more 

definite proof for the relation of -l^e gtoesal ; 
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organisation of the animal or part to function 
on the one hand and growth on the other, but it 
has allowed us to analyze directly the nature 
of the environmental changes suitable for each 
form of activity. As I pointed out in 1913, and 
later in 1915, rhythmical muscular contraction 
develops only in a cell of the tissue culture which 
becomes stretched through a serum cavity be¬ 
tween the tissue fragment or the surface of the 
medium and a band of elastic fibrin attached to 
its other end. If this same cell be simply trans¬ 
ferred from this position to the side of the band 
of fibrin it takes on all the properties of a sim¬ 
ple connective tissue cell. If it be laid near a 
cellular fragment about which the cells are grow¬ 
ing it grows and divides actively and has all 
the appearance and activities of a sarcoma 

Cell.<^ 0 7 8 

So in the same manner, as I have pointed out 
in a recent paper, all functional activity in the 
organism can be related to an orderly laying 
down of extracellular materials, the connective 
fibrils, the basement membranes, the nerve and 
muscle sheaths, etc.^ 

That the shape of the cells and their general 
arrangement in the normal organism and cancer 
is to be related directly to the environment I 
was able also to show in the earlier work with 
the tissue culture. All cells suspended in a 
liquid round off to perfect spheres. These cells 
take shape only when brought into contact with 
surfaces and the shape assumed is directly de¬ 
pendent upon the shape of the surface of contact 
and other demonstrable forces in the culture.^^ 
This applies not only to the connective tissue cells, 
but to all types of cells. The connective tissue 
cells take a spindle shape in a culture medium of 
blood plasma, in that they are able to coagulate 
the plasma, form fibrin fibrils and stick to the side 
of these fibrils. Lymphoid and other wandering 
cells have no such property of fibrin formation. 
They cannot stick to fibrin formed by the connec¬ 
tive tissue cells. They remain spherical or ovoid 
in shape when placed in the plasmatic medium. 
In the same manner the shape of the epithelial 
cells may be reduced to physio-chemical expres- 
sion.ii 

In a medium of blood plasma, an environment 
strange for these glandular tissues, the epithelial 
cells rarely ever grow out as tubes. Carrel and I 
noted tubules to form about one fragment of thy¬ 
roid, but in most cases the cells spread out as 
broad thin sheaths of cells like the epithelium of 
the skin. Champy, in 1919,^^ showed that if con¬ 
nective tissue cells be added to a culture of kidney 
the tubular formation will be regained in the epi¬ 
thelial cells of the culture. Drew, in 1928,^^ con¬ 
firmed these observations of Champy. 

All of these facts stand as direct proof of my 
earlier observations and indicate clearly th&t 
growth, function .and cellular shape are not 


changes relaM to the age of the cell, but its iiur 
mediate environment. In 1915, again gave 
evidence to show that rhythmical contractions 
are not the work of any cellular machine, but 
that it is the response of the cell to a particular 
environment. In the same manner it seemed evi¬ 
dent that an active independent growth may be 
merely another form of reaction that the cell 
may undergo in another environment. 

As I noted above, the disappearance of the 
active independent growth of cells in the devd- 
oping organism may be directly related to the 
separation of the cells by a rich vascular net¬ 
work and intercellular materials. Further 
studies of the process of rhythmical contraction 
in heart muscle cdls have shown that this func¬ 
tional state is dependent not only upon extra¬ 
cellular materials arranged in a certain ration 
to the cell, but also upon an active circulation. 
In simple hanging drop cultures, where there is 
no means of interchange about the cells except 
by diffusion, the contractions of muscle cells be¬ 
come irregular. There are periods of activity 
followed by periods of rest. The active periods 
are ushered in by rapid strong contractions. 
These become weaker and weaker until they 
finally cease for a time. After a short or long^er 
rest period they begin again. 

If a stream of serum be passed over these 
same cells these irregularities cease. The cells 
contract forcibly and continuously under such 
conditions until their supply of nutrition is ex¬ 
hausted. Stop this flow of serum and these ir¬ 
regularities appear immediately again. 

Quite the reverse to this peculiarity of the 
functional states in the organism I have found, 
and noted in a recent paper,^3 that growth is in¬ 
hibited by such a stream of serum passing over 
the culture. 

For many years it has been known that in¬ 
creased functional activity in the organism is 
always associated with an increased circulation 
to the part. Growth, however, may follow a de¬ 
crease in the circulation. The clubbing of the 
fingers with disturbances in the general circula¬ 
tion illustrates clearly this fact. In an unpub¬ 
lished paper on the circulation of the nail I noted 
that the circulation of the growing bed is very 
much less than along the whole of the outer parts 
of this structure.!® The entire growth of the de¬ 
veloping nervous system takes place along the 
central canal. The blood vessels invade the outer 
peripheral portions. In the light of these facts it 
may not be surprising, therefore, thtat the heart 
hypertrophies when it is overloaded, when its cav¬ 
ities are dilated and its walls compressed. ^ Such 
compression of the walls mpst impede the circula¬ 
tion of the muscle fibres. 

In the tissue culture I pointed out as early sb 
19131 T 18 that the rate of growth' activity of any 
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particular tissue is directly proportional to the 
size of the fragments, provided fragments too 
large for oxygen to diffuse to all of their parts 
are not used. Single cells cannot grow in the 
cultures. Growth takes place always about frag¬ 
ments of tissues. 

Again it has been noted that this growth and 
the whole metabolic activity of the cell is greatest 
about fragments of young embryonic tissue and 
fragments of cancer. In the cases of embryonic 
tissue this ability to grow decreases with age. It 
is less in extent about fragments of tissues of 
older embryos than about similar fragments of 
younger ones planted in the same medium. The 
cells from the older tissues not only show a de¬ 
crease in ability to grow in the same medium, 
but this activity does not commence so early in 
the cultures about the older tissue fragments as 
about the younger ones. In direct proportion to 
the age and the decrease in activity, there is a 
corresponding increase in the latent period before 
any activity commences after the cultures are 
pr^ared. 

At first I thought that these changes in rela¬ 
tion to growth were to be related directly to an 
aging of the cells. It soon became evident that 
this was not true. It was not in any way related 
to the cell, but to the density of the cells in the 
fragments. . If the cells in these younger embry¬ 
onic fragments be carefully teased apart, and then 
washed with salt solution, their reaction becomes 
identical with the cells of older fragments in 
which the cells are normally separated in the 
same manner by intercellular material. 

A further careful study of fragments of tuber¬ 
culous granulation tissue has shown that the re¬ 
action of the connective tissue of the fragments in 
cultures is identical with the embryonic and adult 
cells of fragments having an equal cell content^ 
Tuberculous granulation tissue, as is well known, 
varies in cellular content in different individuals 
and in different parts of the same mass of tissue. 
The cells react about the cellular fragments like 
those from equally cellular fragments of tissue of 
the embryos. About the more fibrous fragments 
this reaction is like the reaction of the cells from 
fragments of subcutaneous tissue in which the 
cells are equally separated by intercellular fibrils^ 
and blood vrasels. In the same manner the growth 
is more active about fragments of a cellular sar¬ 
coma than about the fragments of a fibrosarcoma, 
and this growth of the cancerous tissue, like that 
of normal tissue, is in every ease proportional to 
the number of c^s per unit area in the fragment 
and-similar to a normal tissue having an equal 
cell contmt and vascular supply. The isolated 
cancer cdl washed with serum or other isotonic 
solution reacts like any isolated normal cell. The 
difference between the cancerous -tissue and the 
normal adult tissue is that the former is charged 
with products of the ceU’s metabolism, which have 


not been able to escape. The embryonic tissue is 
like the cancerous tissue except that it contains a. 
greater amount of nutrient substances, the yolk. 

The embryonic cells will survive longer than the 
cancer cells in a medium of blood plasma which 
contains little or no nutrient substance. 

In 1911, Carrel and 1^^ had already shown that 
extracts of embryonic tissue and cancer contain 
an active growth stimulant. Drew,^'^ at the Im¬ 
perial Cancer Research Laboratory, has recently 
repeated and confirmed these experiments. When 
extracts of such tissue made in simple isotonic 
sodium chlorid solution are added to the medium 
of another culture the growth is greatly accele¬ 
rated. It is interesting to note here that these 
same accelerating substances will accumulate in 
any fragment of older tissue if the fragments are 
cut off for a time from their blood supply and 
placed in the culture. This is well illustrated by 
tile latent period noted in cultures of older tissue . 
as well as in studies of extracts of any of these 
tissues. A study of the effect on other cells of. 
extracts in salt solution of fragments of any 
normal adult tissue which has been removed 
from the body and placed for a time in a culture 
has shown that these fragments as they lay in , 
the stagnant culture become slowly charged with 
these extractable stimuli or this stimulus. 

While Carrel’s and my earlier experiments had 
clearly indicated that the growth in cancer may 
be the direct result of a stimulus, they led us no¬ 
where, because they did not indicate the source 
of this stimulus. Thiersch and Beneke many 
years ago thought that tumor growth may be a 
degenerative overgrowth of cells. Oertel took a 
similar view.^ Recently Drew claims that auto- 
lysing tissues contain a stimulus. 

In my first paper on tissue culture, in 1911,ii I 
showed that autolysis as it results from the ab¬ 
sence of oxygen is in no way concerned with the 
growth process. Cellular growth is strikingly in¬ 
hibited about fragments of nervous tissue so large 
that oxygen cannot diffuse readily to all of their 
parts. As I later showed, in 1913,*'^ growth^^ is 
maximum only about the largest fragment into 
which oxygen may diffuse readily to all its parts. 

Carrel’s and my experiments showed that the 
substances which accelerate growth are soluble 
in simple salt solution. I find them also soluble 
in serum and plasma, or in the circulating blood 
of the body. As I noted above, growth is accele¬ 
rated by cutting down the circulation. In tissue 
cultures the growth is greatest about the frag¬ 
ments which are placed in simple hanging drop 
cultures and are not disturbed- Simple shaking 
of the serum whidi accumulates on the lower sur¬ 
face of a hanging drop of plasma will disturb 
growth. It lessens it for a time. 

Again, as I pointed out above, growth in the 
adult organism follows increased functional aetiv- ^ 
ity of a part. Such an increased functional ae^ | 
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ti-vity is associated with increased , metabolism or 
energy prodnction in tiie parts, ^e energy for 
such functional activity in the body is derived 
from chemical reaction. Any increase in function 
means an increase in the products formed in reac¬ 
tions and a temporary increase of them in the 
tissues^ even in the presence of an active blood 
supply. This active blood supply must soon re¬ 
lieve the tissue of these substances. Any decrease 
in the circulation, on the other hand, must lead 
to l^e accumulation of these products, even 
when the metabolic activity is low. In cancerous 
tissues and in tissues of young embryos these 
stimulating substances are always present. The 
tissues are characterized by a poor circulation 
in relation to the number of cells per unit area. 
They are characterized by dense masses of cells 
separating the blood capillaries. The cells in 
the older tissues of the normal organism are sep¬ 
arated by a ridi vascular network and intercel¬ 
lular materials. When fragments of cancerous 
tissues and tissues from young embryos are re¬ 
moved from the body and their circulation is 
destroyed they become active at once in the cul¬ 
ture or within one or two hours after the cul¬ 
tures are prepared. Other tissues show no ac¬ 
tivity until after a long latent period. The 
length of this period is directly proportional to 
the original cell content and vascular supply of 
the tissues. Before the cells can grow the 
proper stimulus must accumulate. In my ear¬ 
lier studies, in 1913,^'^ 1^8 showed that oxygen is 
necessary for the growth of cells and further, 
as was noted above, that autolysis from lack of 
oxygen is decidedly harmful. In 1917 
showed, however, that the amount of oxygen 
necessary for tissue activity is not great. Two 
years ago again gave evidence to show that 
the accumulation of the growth stimulus is abso¬ 
lutely dependent upon the presence of oxygen 
while the growth reaction itself is not dependent 
upon this gas. Fragments of young embryonic 
tissue will show a limited growth in the absence 
of oxygen. Older tissues demand oxygen in ^e 
same proportion as their latent period for 
growth increases in the presence of a normal 
oxygen supply. Drew’s contentions of an auto- 
lytic source for these stimulants is entirely un¬ 
founded. His own experiments disprove this de¬ 
duction. He extracted the stimulant from a 
kidney left for one hour in the incubator. This 
is not long enough for autolysis to set in. 

The active stimulus for growth noted in can¬ 
cerous and young embryonic tissues is the nor- 
• mal soluble product of the metabolism of the 
cells. These tissues grow because their cells are 
crowded together and removed from an active 
blood supply. They are free from the interc^u- 
lar substances upon which the shape, the ar¬ 
rangement and the functional activity of the 
cell} dep^ds. 


In the animal organism life does not manifest 
itself the same from the banning to the end. ib 
the beginning, it is represented by an active in¬ 
dependent growth of undifferentiated cells. Only 
with the changing organization of the whole do 
differentiation and ftmction make their appear^ 
ance. The presence of an active independent 
growth of cells in early life, is directly depend¬ 
ent upon the densely cellular character of the 
tissue and the limited blood supply. Its disap- 
.pearance in later life is the result of the develop¬ 
ment of interc^lular substances and a ridier 
blood supply. Life maintains in this later period 
solely from the fact that these cells become po- 
* larized and assume other forms of work consist¬ 
ent with these diahges. 

As far as the growth of body cells is con¬ 
cerned, it does not differ qualitatively, therefore, 
in any way from that of the unicellular organ¬ 
ism. As early as 1902, Wildiers^^ noted that 
when a few yeast cells are introduced into a 
large amount of medium containing all the nec¬ 
essary nutrient substances they will not grow. 
For growth to take place there must be a certain 
bulk relationship between the number of cdls 
and the medium. Wildiers and others have shown 
that this is due to a decrease in the concentra¬ 
tion of some substances liberated by the yeast 
into the medium. A few cells may be made to 
grow in a large hulk of medium if an extract 
of yeast is added to it. 

I have found that single cells of the body may 
be made to grow in the medium of a tissue cul¬ 
ture if extracts of actively growing tissues are 
added to the medium. Embryonic extracts not 
only stimulate but prolong the growth. Cancer¬ 
ous extracts stimulate growth, but do not pro¬ 
long it. They contain little or no nutrient sub¬ 
stances. 

Robertson-3 again recently, in 1921, noted that 
the same relationship exists in the case of the 
Paramecium. The rate of growth at all times 
is directly proportional to the number of indi¬ 
viduals per unit volume of medium until the me¬ 
dium becomes charged with waste products above 
a certain concentration. The same is known also 
to be true for bacteria. Webb, Williams and 
Barber,^'^ in 1909, noted that a single tubercle 
bacillus or an anthrax spore introduced into a 
guinea pig or a mouse will not grow. Several 
must be injected to cause infection. 

Devloo,^^ in analyzing the active, substance 
noted by Wildiers in the cultures of yeast, came 
to the conclusion that it is either a phospholipin 
or is associated with or dissolved in lecithin. In 
my studies of these cdls of higher animals 1 
identified a substance liberated by body cells 
which is an active blood coagulant and other¬ 
wise has the physical properties of a phos¬ 
pholipin. This substance I have been able to 
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show produces quantitatively the energ^^ for mi¬ 
gration and muscular contraction and combines 
to form the extracellular fibrils of connective 
tissue. In cellular growth it is formed in excess 
and disappears, so it may likewise combine in 
the reaction forming protoplasm or parts of the 
protoplasm of the cells. This is not the stimu¬ 
lating substance. The stimulating substance is 
soluble in salt solution. It acts, in low concen¬ 
tration, for the forxnation of the energy produc¬ 
ing substances. In higher concentration, it acts 
to break down the proteins in the cell and destroy 
the cell. It is not a food. It is a part of the 
cell’s mechanism for migration, a part of the 
cell’s mechanism by which it digests its food and 
expands or grows, and it is the substance which 
destroys the cells when they become too crowded 
in a medium supplied with oxygen. It is not 
surprising, therefore, that in the more crowded 
areas of cancerous tissue the cells degenerate, 
and, in the less crowded areas, they grow ac¬ 
tively. Again it is not surprising that this de¬ 
generation in the cancerous tissue does not lib¬ 
erate the same products as the autolytic type 
resulting from the absence of oxygen. In the 
normal body ample nutrient substances for such 
a growth are always present. 

Again, there is no evidence that this stimulat¬ 
ing substance combines in any of the reactions 
of the cell. It acts as a catalyzer of other reac¬ 
tions of the cell. Its action is wholly dependent 
on its concentration. Its concentration at all 
times is directly proportional to the rate of its 
production and indirectly proportional to the 
avenue for its escape by way of the blood stream. 
This substance is the normal product of that part 
of cell metabolism into which oxygen enters. 
The disappearance of an independent growth 
in the embryo is not due to any dif¬ 
ferential change in the cell. The differentiated 
cells of the organism may grow as well as those 
of early life. The disappearance of an inde¬ 
pendent growth in normal devdopment is to be 
related to the development of intercellular mate¬ 
rials and a rich blood supply. These structures 
lead to the rapid removal of the necessary stim¬ 
ulating substance as it is formed at all times in 
the tissues. 

Cancer, therefore, may be nothing more than 
the result of any condition leading to a break¬ 
down in the medianical interrelation of cells and 
blood vessels peculiar to the normal animal. It 
may be the normal outcome of a proper disap¬ 
pearance of a part of the normal blood supply 
which may result from the action of any sub¬ 
stance or condition causing the formation of a 
local dense mass of cells in any part or tissues 
where conditions are not suitable for this mass 
to develop interc^lular substances and a vascu- 
lar.network sufiEicient to remove quickly the stim¬ 


ulating product of the normal metabolism of the 
cell. 

CANCSBR' 

Ribbert,^ many years ago, appreciated that 
differentiation at least as far as it takes place in 
most organs and tissues of the body, does not 
affect in any way the growth of the cells. As he 
states, the remarkable power for tissues to re¬ 
generate after injury completely rules out an 
age factor in the cells determining their growth. 
The growth in cancer Ribbert did not find, there¬ 
fore, unique in any sense. He thought it could 
be nothing more than the response that any cell 
may undergo with the proper change in environ¬ 
ment. 

The difficulty which confronted Ribbert and 
the school which has followed him has been to 
find the nature of the environment suitable for 
this change. 

The- recent work on coal tar and tissue culture 
has opened paths for such analyses. The theo¬ 
ries of Yamagiwa and Ichikawa,^*^ although not 
completely proven by them, are epoch-making in 
the history of the study of this disease. 

Fischer,^ in 1906, showed that when drops of 
olive oil containing Scharlach R are introduced 
just beneath the epidermis they cause a rapid 
migration of epithelial cells to them. These 
cells surround the drops like a collar. Later 
they proliferate and form a dense mass not un¬ 
like true cancer. Yamagiwa and Ischikawa later 
showed that if coal tar be applied frequently 
over a long enough time to one point on tho skin 
of a rabbit these masses may reach a large size 
and metastasize like cancer. Woglom and Mur- 
ray,^'^ repeating their experiments, produced sim¬ 
ilar metastasizing' tumors in mice. These tu¬ 
mors they found, when once established, could 
be transplanted through several generations of 
rats. The experiments have now been repeated 
by many others. One of the later series of ex¬ 
periments showed that this reaction takes place 
only about drops of tar having a high boiling 
point. 

Rosses pointed out that those substances which 
in man have been shown to lead to cancer, such 
as paraffin, soot, coal tar, manure, etc., are active 
stimulants for the growth of cells. A more care¬ 
ful study by us of the action of many substances 
which lead to cancer has shown definitely that 
they lead either directly or indirectly to the pro¬ 
duction of a local dense mass of cells largely 
free from intercellular substance and poor in 
blood vessels.^ 

Jorstad,34 working in my laboratory, has found 
that when a drop of coal tar is introduced on the 
surface of the skin or directly beneath the epi¬ 
dermis it. occasions a movement of the epithelial 
cells toward it, a crowding, a primary degenera¬ 
tion, then an active proliferation of these- cells 



SOUTHERN MEDICAL JUUKinai^ 


and the formation of a dense mass. The action 
of a single drop of coal tar is limited. If more 
be added, more degeneration, movement and pro¬ 
liferation result. Finally an independent dense 
mass of growing epithelium is established. If 
the same coal tar be introduced into the subcu¬ 
taneous tissue of an adult it occasions a move¬ 
ment of connective tissue cells to it, a degenera¬ 
tion of the cells and hyalinization of the tissue. 
If it be introduced into a more cellular connec¬ 
tive tissue like that peculiar to the embryo and 
younger individuals, large numbers of cells are 
drawn away from iheir blood vessels and intei^ 
cellular material and collected in a dense mass 
about the tar. In this dense mass these cells 
then begin to proliferate actively. The same is 
true for other lipoid solvents. 

In the same manner the spirotera of Febiger^ 
attracts cells. This parasite induces cancer in 
the stomadi of rats. 

On several occasions I have also encountered 
the larva of the cat tape worm in the livers of 
rats. This larva has been shown by Bullodc 
and Gurtis^^^ to induce sarcomata in the liver of 
rats. The capsules formed by the liver tissues 
about this larva are strikingly different from 
those induced in man about the ecchinococcus, for 
instance. About the former larva the capsule is 
a mass of connective tissue cells free from in¬ 
tercellular substances. About the latter the 
capsule is a dense fibrous mass. Sarcomata do 
not develop about the ecchinococcus cysts. 

. These substances act, therefore, quite differ¬ 
ently from those which produce inflammation. 
These latter substances produce primarily an 
exudate from the blood vessels. The cells react 
secondarily to organize and become scattered in 
the exudate. The cancer-producing substances 
act on the cells directly to attract them. The tis¬ 
sue built in the former case is a richly vascular 
tissue with a large bulk of intercellular sub¬ 
stance. In the latter instance it is a densely cel¬ 
lular tissue poor in intercellular substance and 
in blood vessels. 

Ross pointed out that it is not injury that pro¬ 
duces cancer. It is the action of specific sub¬ 
stances which induce the proliferation of cells. 
It is neither, according to our studies. It is the 
action of substances which attract cells to them, 
away from their intercellular material and blood 
vessels, so that there is formed a dense local 
mass free from ready avenues of escape for the 
soluble products of the normal metabolism of the 
cell. 

A soluble stimulus placed in the tissue can 
have no such effect. It must escape by way of 
the blood stream. It is a viscid mass, which 
remains fixed and attracts cells to it, that acts 
this way, such as certain animal parasites,^ thick 
drops of coal tar, drops of olive oil, or* better, 
^ive oil containing substances like Scharlach R. 


The exudates of chronic inflammatory proc¬ 
esses attract cells to them, as Hertzler’s studies 
have indicated, and the work of cultures has 
proven. In the body the same conditions are as¬ 
sociated also with the development of blood ves- 
s^s and the exudates become coagulated and de¬ 
posited as extracellular fibrils between the cells. 
Primarily, these processes lead away rather than 
toward any cancerous process. The epithelial 
cells of the glands and other parts do not react 
readily to these exudates. They become first 
imbedded in the mass of newly formed conn^ 
tive tissue^ Later the mass of connective tissue 
changes. The blood vessels become obliterated. 
The connective tissue becomes hyaline and the 
cells degenerate. With this change in the blood 
supply &e separated epithelial-lined ducts suffer 
atrophy to a greater or less extent. At the 
same time their environment becomes more suit¬ 
able, therefore, for an active proliferation. Car¬ 
cinoma is a disease of old age. It develops fre¬ 
quently in the chronic inflammatory process of 
the breast and other organs. It develops in the 
epithelial cells of the skin which are undergoing 
atrophy. As is well known, the breasts of 
women and probably other tissues suffer periodic 
stimulation from the sex glands and other in¬ 
ternal secreting glands. As is evident from the 
above laws of growth laid down, such atrophy¬ 
ing epithelium must respond quickly to any cel¬ 
lular growth stimulant, or as the culture experi¬ 
ments indicate, such a tissue may begin to grow 
independent of such stimulation. To prove this 
it became of interest to study the effect of a 
soluble stimulant upon tissues of adult animals. 
The stimulant used was the one produced by 
the tissue as noted above. It was extracted from 
the Jensen sarcoma with normal saline solution. 
The solutions of this stimulant were made sterile 
of sarcoma cells by passing them through a 
Berkefeldt filter. When introduced into the nor¬ 
mal skin of an adult rat this solution has no 
noticeable effect. The stimulating substance is 
evidently removed by the blood stream. When 
injected into areas of skin suffering pressure 
atrophy this solution produces true carcinoma¬ 
tous proliferation.^^ 

We have not investigated as yet the action of 
x-ray and radium. Members of families of mice 
which frequently develop cancer have also not 
been investigated. From the above observations 
it seems evident, however, that cancer may re¬ 
sult from any condition or substance which can 
build a dense mass of cell in the organism, or 
from a sufficient reduction in the blood supply 
of any cellular tissue so that the growth 
stimulus may accumulate and the nutrition re¬ 
main unchanged. The simple pigmented mole is 
such a mass of cells. These moles may become 
malignant after injury or disturbances in their 
.blood supply.or in the course of their nornml de- 
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vdopment in the aging organism. Such age 
changes are associated with a decreased vascu¬ 
larity and atrophy of the superficial tissue. The 
relation between senile keratoses and cancer has 
long been recognized by dermatologists. 

Further studies of the mechanism of cell divi¬ 
sion which have just been completed in the 
laboratory show that an orderly division of cells 
to form columns and to line the ducts of glands 
is directly related to the circulation and position 
of the blood vessds. Decrease this circulation 
and stimulate the cells they divide so as not to 
increase the circumference of the duct, but to 
fill the duct with cells. Thus dense masses of 
cdls develop. 

While it is true that many authors, such as 
Child,have assumed that differentiation is the 
normal outcome of all cellular growth, it has 
been possible to prove very definitely that this is 
not true. The conditions which lead to a pri¬ 
mary laying down of intercellular substances and 
a growth of blood vessels is something peculiar 
to the body and not the immediate process of 
growth in the cell. These changes are not the 
result of growth, but they stop the growth of the 
cell in the developing organism. In the fully 
developed organism and even evidently at a 
much earlier period this act becomes secondary, 
like growth, to specific stimuli. In all regressing 
tumors, as previous authors have shown, the 
cells do not degenerate. A general increase in 
intercelluUir substance, a fibrosis, marks the end 
of growth in many of them.^ 

Hertler,^ in 1910, gave proof to show that the 
connective tissue fibrils are not secretion prod¬ 
ucts of the cell, but simply transformed fibri¬ 
nogen of Ihe exudate of wounds. The tissue 
culture has shown very definitely that the fibri¬ 
nogen acts as a special stimulant for the growth 
of endothelial cells of the blood vessels and mi¬ 
gration of connective tissue cells. These cells 
coagulate the fibrinogen to fibrin and cling to it. 
There is no evidence that the connective tissue 
cells secrete fibrils at any time.^ This fibrin is 
transformed into the extracellular connective 
tissue fibrils. 

Such extracellular formations develop, how¬ 
ever, only in areas where the stimulating sub¬ 
stance noted above is in low concentration. 
Where it is formed in greater amounts the fibrin 
is digested. This- stimulating substance, as I 
. have noted above, is a product of oxydation in 
the cell It acts according to its concentration. 
This concentration may be varied by preventing 
or accelerating its escape from the cells or by 
catting down the oxidizable substances so less is 
. formed. 

^ As many of the earlier studies of development 
have indicated, this layii^ down of intercellular 
substances and differentiation in general is di- 
rectiy associated with the decrease in the yolk 


supply. If you cut the yolk into two, fully dif¬ 
ferentiated animals of half the size and with 
half the normal number of cells are produced. 
Gudematsch><^ showed that if tadpoles are fed 
thyroid they will differentiate in a few days. 
Thyroid leads to a great increase in the metabo¬ 
lism and the burning of nutrient materials •in 
the body. 

The striking peculiarity of body cells which dis¬ 
tinguishes them from the unicellular organism 
is not only their general organization which has 
to do with their growth and function, but their 
inability to take in crude materials from Nature 
and utilize them as food. These must first pass 
through a fully formed body. 

The developing animal depends for its nutri¬ 
tion on the yolk and the mother. The yolk is 
formed by the parent body. In man, as in all 
higher animals, all the essential organs are 
formed before it is possible to remove the animal 
from its yolk or from its mother. 

All my attempts to feed these body cells arti¬ 
ficially, like bacteria, have failed. Extracts of 
embryos rich in yolk is the only food I have 
found capable of nourishing them.’^** 

In a certain number of individuals, fibrosis 
becomes a striking feature of the later life. It 
is interesting that cancers do not develop ac¬ 
tively in these- individuals, but they tend to de¬ 
velop intercellular substance. It is in the young 
healthy person that cancer quickly spreads be¬ 
yond the bounds of the surgeon’s knife and de¬ 
stroys quickly. It is in young animals that 
transplants of cancer take readily. 

Any dense mass of cells once established either 
through a primary atrophy or secondary stimu¬ 
lation must tend in the normal organism to re¬ 
produce itself. This mass becomes parasitic to 
the host and continues in its growth to the de¬ 
struction of the whole. Morgan*^'^ several years 
ago showed that an actively growing tissue may 
take its nutrition directly from the differentiated 
cells of the organism. Legs of salamanders re¬ 
generate as rapidly in starved as in well-fed 
animals. The starved animals, regenerating 
legs, suffer extreme emaciation and atrophy of 
their organs. In the normal organism an ac¬ 
tively growing mass must receive ample food, 
produce ample of the stimulating substance and 
thus continue to reproduce itself. 

The cause of cancer may be, therefore, any 
substance or condition which can primarily build 
a dense mass of cells in the organism or cause 
a proper change in the blood supply to a cellular 
tissue. As early as 1918,1 noted the direct rela¬ 
tion of the number of cells per unit area in the 
fragment to their ability to grow in 'the cultures. 
Later, just at the beginning and after the War, 
I noted the relation of growth in cultures to a 
decreased circulation and the importance of oaey- 
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g«n for the development of the growth stimulus. 
Unfortunately, three years ago, in beginning to 
work directly with cancer, I became misled by a 
possible parasitic explanation of this disease. 
AU experiments destined to prove, such a para¬ 
sitic origin have forced me back, however, to 
the conclusions cited above. It was only after 
these more direct es^eriments had progressed, 
however, that I realized that a very plausible 
explanation of this disease was in our hands.^ 

By these observations it has been possible to 
show, therefore, that an autonomous growth of 
cell is not the result of any primary <diange in 
the cell, but the direct .result of a crowding of 
the cells and an orderly decrease in their blood 
supply. The stimulus for growth, other tl^n 
food and oxygen, so well recognized by the earlier 
students of regeneration and cancer, is a product 
of the normal metabolism of the cell. The can¬ 
cer cell is not different from normal cells. It is 
a normal cdl reacting to a new arrangement of 
cells in the body. Cancer, therefore, for the 
first time becomes explainable in terms of the 
facts as they exist. To cure this disease this 
mass must be removed or destroyed, as it is to¬ 
day, or we must find some peculiarity in the 
growth reaction of these cells to attack. Its 
cure is not going to be solved by the application 
of the general laws which have held for infec¬ 
tious diseases, but through further careful analy¬ 
ses of the finer details of cellular structure and 
metabolism. 
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DISCUSSION 

Dr, J, A. Lanford, New Orleans, La ,—The 
most interesting tiling that I gathered from Dr. 
Burrows’ paper was the conditions that he found 
would influence or occasion proliferation of em¬ 
bryonal cells as well as misplaced cells in the 
living body. I find it, though, rather difficult 
to understand why, if these cells are shut off 
from their circulating medium, they should get 
into the.systemic circulation and produce sec¬ 
ondary growths in distant parts of the body. 

Another point that was shown with his tissue 
culture is that ordinary heart muscle could un¬ 
dergo a metaplastic change producing connective 
tissue afid ' vtee versa. This would tend to em- 
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phasize the fact that there is inherit in the 
embryonic cell some of the properties of ^ the 
primary cell from which the tissue is derived, 
that it might under certain conditions' produce 
a connective tissue, and under other conditions a 
muscular structure or any other type of tissue of 
that group. 

Carrel and Burrows showed that the plasma 
from a rat which is harboring a new growth 
(sarcoma) is a more preferable medium for the 
culture or growth of that sarcomatous tissue m 
vitro than the plasma from a healthy rat of the 
same species. The inference is that there must 
be something in the individual’s plasma that 
tends to stimulate the growth of these 'embryonal 
types of cells. 

Dr. Charles H. McCollum, Fort Worth, Tex .— 
We must believe that there is something pecu¬ 
liar about tumor cells which is not entirely de- 

g endeht upon the influence of the body of the 
ost since they grow with much vigor when they 
are dislodged from their place of origin and may 
even be transplanted and grow in another host. 
It is difficult to believe that any mechanical 
xnassing of cells will bring about these and other 
extraordinary peculiarities with which we are 
familiar in the case of malignant tumors as con¬ 
trasted with benign ones. That there may be 
great changes in the susceptibility of the host 
is equally well known, especially for the recent 
work on the effects of tar. 

But . many things lead one to the belief that the 
whole mode of growth and multiplication is mor¬ 
phologically and functionally different from that 
of normal tissues and the immunity reactions 
which can be produced by such growths against 
further transplantation serve to strengthen this 
belief. 

A very interesting part of Dr. Burrows* paper 
was his discussion of stimulating substances 
which affect the metabolism of cells and are pos¬ 
sibly^ concentrated about an implantation form¬ 
ing its growth. This seems a very promising 
line of investigation. 

A Member.-^lt seems to me that these cells 
that are cultivated are not connective tissue 
cells, but cells which have been arrested in their 
differentiation and they have lost under sur¬ 
rounding conditions the property of g^oing on 
and completing differentiation. Under the con¬ 
ditions which exist they are able only to per¬ 
forin functions in relation to themselves and 
not in relation to the body as a whole. 

I have been comparing the tumors of men with 
the enlargements on trees, the so-called cedar 
nowths, and I have been making some cultures. 
I have queirtioned whether any malignant tumors 
or any.benign tumors, fibromata or adeno-cysto- 
mata, have a parasitic basis. In the case of the 
coal tar product an irritant is applied and you 
have .to <mntinue to apply the irritant to have 
the condition continued, ft does not metastasize, 
and I question whether it could be considered a 
neoplastic disease. If- these tumors are para¬ 
sitic, either we have not recognized the parasite 
or -we do not understand it and its life history. 


I question whether you can consider these cells 
connective tissue cells in the culture. They are 
cells which have been arrested in their differen¬ 
tiation. 

Dr, S. T. Darling, International Health Board, 
New York, N. Y .—^In regard to the question of 
the proliferation of metazoal cells as being due 
to an over-stimulation or the removal of some 
repressive substance, I should like to refer to an 
observation of mine made some years ago while 
studying a strain of Entamoeba histolytica. 
This strain had been carried along in kittens 
and after several removes bizarre changes were 
noted in the nucleus of the cells. These chants 
had been erroneously interpreted by Schaudinn 
as developmental in origin, but I was impressed 
with their resemblance to appearances seen in 
the nucleus of cells in malignant neoplasms, for 
there were evidences of rapid multiplication and 
degeneration. Here, either an unusual rate of 
multiplication due to stimulation, or unrestrained 
activities, brought about a condition analogous 
to a neoplasm. 

Dr, Burrows (closing ).—In my earlier studies 
I noted that the fixed tissue cells elaborate a 
substance during their migration which is an 
active blood coagulant. The whole movement 
of these cells is exactly proportional to the ad¬ 
sorption of such a substance by the medium. 
The action of this substance is manifested about 
fragments of mesenchyme of older embryos and 
fragments of connective tissue of adults. It 
does not appear at once, but after a latent period 
of several hours. It is manifested at its ap¬ 
pearance by an active contraction of the plasma 
clot or by the formation of fibrin and serum. 
The mesenchyme and connective tissue cells 
move out in contact with the fibrin as it forms. 
This contraction continues to spread outward 
for a time, then ceases and with it the cells cease 
to move further. 

When one uses fragments in which Ihc cells 
are more densely pa^ed as similar fragments 
of younger embryos, fragments of cellular gran¬ 
ulation tissue or sarcomata this contraction com¬ 
mences earlier. It is more extensive and a film 
also forms along the surface of the medium. 
The cells move first into the clot and then in 
this surface film. They leave the clot for the 
film on the surface of the medium. Later growth 
and division intervenes. 

The plasma itself does not supply any nutri¬ 
tion for the growth of the cells or the necessary 
energy producing substances for the migration 
of these cells. The cells during migration lose 
materials and become exhausted. They supply 
their own energy for migration. The border cells 
of these mor.e cellular fragments will migrate 
and grow in a nutrient free salt solution. The 
cdls move out in the surface film, which covers 
the medium and makes it leathery. Nutrition 
comes, as I pointed out in previous articles, from 
disint^ating cells in the center of the frag¬ 
ment. This degeneration is not an autolysis in 
the true sense of the word. The .degeneration 
without oxygen does not liberate nutritive sub- 
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stances. Nutrition is liberated from cells degen¬ 
erating in a cellular fragment of sufBksiently 
small size to allow oxygen to diffuse to all its 
parts. This degeneration is the result appar¬ 
ently of the accumulation of certain products of 
the normal metabolism of the cells. A normal 
salt solution extract of these tissues will cause 
in high concentration a degreneration of cells 
whidi lead to the production of nutrient sub¬ 
stances. Growth synthesis like this splitting of 
nutrient substances depends again on a stagna¬ 
tion and concentration of normal products of the 
metabolism of these cells. The cells at the bor¬ 
der of these cellular fragments are at first car¬ 
ried out into the medium as the cells degenerate 
in the center of the medium. As the medium 
•becomes more saturated they grow and di*vide 
and then later also deg^erate if they are not 
removed to a fresh medium. This degeneration 
may also be deldyed by washing the culture with 
serum. 

The question of metastases resolves itself 
around the question of the conditions which reg¬ 
ulate migrations. It is interesting to note that 
in these cultures migration ceases in those areas 
where active growth intervenes. In the less cel¬ 
lular fragments or fragments having less con¬ 
centration of the stimulating products of the 
metabolism migration alone intervenes. As the 
products of the metabolism accumulate in the 
cultures of the more cellular fragments the c^ls 
in the outer medium cease to liberate the coagu¬ 
lating substance and migrate. They grow and 
divide at the expense of the surface films from 
degenerating cells in the frafirment. Whether 
growth or migration intervenes is wholly quanti¬ 
tative as far as the cultural experiments indi¬ 
cate. Degeneration like that seen in cancer of 


a non-toxic type is also merely the result of a 
greater increase ih those products necessary for 
normal digestion and synthesis. 

Through oxidation these c^s liberate acti¬ 
vators or substances which are necessary. for 
the breaking up of food and synthesizing it. 
The isolated cells cannot retain these in concen¬ 
tration sufficient to perform these acts. They 
must accumulate about the cells. They are 
washed away by an active circulation. Stagna¬ 
tion and crowding is essential for them to grow. 
This is true also, as I pointed out, for unicellular 
organism, but not to the extent that it is true 
for body cells. Too great stagnation leads to 
the digestion of the cell itself. 

The action of coal tar I have explained as the 
result of the absorption of it by the substances 
whidi lead to the migration of the cells. In re¬ 
cently published experiments we have found that 
large doses of coal tar lead to cadiexia and 
death like cancer. Old masses of coal tar in 
the tissue also eventually migrate or metasta¬ 
size by way of the veins to distant organs. Coal 
tar as we have seen it does not stimulate growth 
necessarily, but attracts c^s to it away from 
their intercellular substances and blood vessels 
and forms dense masses which are suitable for 
growth to intervene. 

Cancer cells in culture are not capable of so 
great a growth as embryonal cells. The em¬ 
bryonal cells are apparently richer in nutrient 
materials. Extract of cancer stimulates growth, 
but does not prolong it. Carrel has shown that 
the Juice of embryos will prolong growth indefi¬ 
nitely in the cultures. Drew has failed to get 
any such prolongation of the life of the cells 
with the juice of cancerous tissue, and I have 
had the same experience. 
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Relation of oxygen to the gronjoth of tissue cells, Momtrosb: T. Bxtrhows. 

It has been found that normal digestion, syntheses as well as migration 
of body cells, depends on the accumulation about them of certain blood- 
soluble products formed by them only in the presence of oxygen. Auto- 
lytic products are toxic. The stimulating products are formed only in the 
presence of oxygen and their formation is proportional to the oxygen 
present. This stimulating substance or substances in hi^ concentration 
causes a digestion of the cells together with proteins and fats in the culture 
medium. In lower concentration fats disappear in the medium, the cells 
gi-ow and divide. In still lower concentration m^^ation alone and function 
(rhythmical muscular contraction) is induced. The cells digested in the 
pi'esence of a high concentration of this stimulating substance or sub¬ 
stances are food for other cells. These products in high concentration cause 
a digestion of the cells histologically similar to autolysis resulting from the 
absence of oxygen. This stimulus or stimuli may be readily washed away 
in the culture. The actively growing embrj^onic tissues, the tissues of 
cancer, wounds and the nail, have a poor circulation. The circulation in 
these tissues in either sinusoidal or the capillaries are few in number per 
unit cell area. A study of the substances and conditions which lead to 
cancer, such as coal tar, other lipoid solvents, certain congenital tumors, 
chronic inflammation, lead either directly or indirectly to build conditions 
suitable for such an accumulation of the growth stimulus about the cells. 
They build a densely cellular tissue relatively poor^ in blood vessels or a 
tissue in which the capillaries are dilated and the circulation within them 
is sluggish. Studies of tissue cultures have shown that stagnation and 
crowding leads to growth. Scattered cells and cells well washed are 
preserved and Ijocome inactive. 




"SOME N£W LINSS OF PROGRESS IN 
CANCER RESEARCH’’ 


To the Editor :—The editorial entitled '*Some New Lines 
of Progress in Cancer Research” (The Journal, January S) 
discusses an article by Dr. J. A. Murray, director of. the 
Imperial Cancer Research Laboratories of London, England 
This article appeared in the Lancet, July 28, 1923. Murray 
attempts to show that cancer is the result of cell injury, that 
it is a degenerative overgrowth somewhat perhaps in the sense 
of Thiersch and Benicke and later of Oertel. The growth in 
cancer he attributes to the presence of a growth stimulus 
liberated when cells are injured. He cites work with the 
tissue culture as proof for this deduction. What I wish to 
point out here is that 1 do not believe that the work with the 
tissue cultures carried on in this country justifies this deduc¬ 
tion. In Murray’s laboratory. Drew has shown that embryonic 
tissue and malignant tumor tissue contain an extractable 
growth stimulus. Drew has again found this stimulus in 
kidney left in the incubator for one hour. Extracts of fresh 
kidney in the cold showed no such stimulating substance. 
Drew and Murray ascribe the presence of the stimulus in 
the incubated kidney to autolysis. Autolysis is self-digestion 
resulting from any tissue injury that disturbs the normal 
oxygen supply. One hour is not sufficient for true autolysis 
to take place. 

Carrel and I, as early as 1911 (Thk Journal, Jan. 7, 1911. 
p. 32). had noted an active stimulus in these tissues. While 
Carrel has stated in later articles that stimulating 5ubstance> 
are to be found in many adult organs and tissues, I have 
not been able to confirm his experiments. As 1 pointed out 
in 1913, any dilution of the plasma which Carrel used as a 
meditini leads to an increase in the rate of migration and 
growth. Carrel had failed to control for such dilution. Con¬ 
trolling these factors carefully, it can be shown that activL- 
stiiiiuli sufficient in quantity to induce a migration and growth 
of cells are peculiar alone to actively growing tissue. Such 
.stimuli for growth and migration of cells do not exist in 
fresh pieces of adult organs and tissue or in the tissue of 
older embryos. These stimuli develop, however, in these older 
tissues when they are removed from the body and from their 
normal circulation but not from their oxygen supply. As 
early us 1913 (7V. Cong, Am, Phys, & Surg, 9:77, 1913; 7>. 
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XVII Internal. Cong, Med,, Gen. Path. & Path. Anat., JLondon, 
3913, p. 217> I had shown that oxygen difiFuscs only from 
0.5 to 0.7 mm. into clots of plasma in quantities sufficient to 
maintain the oxyhemoglobin in red cells. Into tissue it dif¬ 
fuses somewhat more, but rarely more than from 1 to 1.5 
mm. Fragments larger than this size suffer central autolysis. 
This autolysis liberates products that are distinctly harmful 
for growth. Again,' in 1913, I gave evidence to show that 
the rate of formation of this growth stimulating substance is 
proportional to the number of cells present in the fragment 
and within the range of oxygen diffusion. In later experiments 
(Proc, Soc, Bjeper, Biol, Sr Med. 18:133, 1921), I again showed 
not only that oxygen is necessary for the development of this 
stimulus but also that the amount of stimulus formed is directly 
proportional to the amount of oxygen present. At no time, 
however, need the quantity of oxygen be large in amount. 
Fletcher, several years ago, had shown that muscular contrac¬ 
tion may proceed without oxygen. My experiments show that 
growth may likewise proceed without oxygen when the stim¬ 
ulus is present. It fails in the absence of oxygen when the 
stimulus is absent. The stimulus can be formed only in the 
presence of oxyST^n. There is no evidence whatsoever that this 
growth stimulus is a product of cell injury. It is a normal 
product of the cell’s metabolism. In high concentration it 
causes a digestion of the cell. Kxtracts of these digested 
cells are food for other cells. Iir slightly lower concentra¬ 
tions it induces a growth of the cells ; at this and higher con¬ 
centrations the fats as well as proteins are digested in the 
cultures (Burrows: four papers under heading of Studies on 
Cancer, Proc, Soc, Rxper, Biol, Sr Med, 21:94-110, 1923; 
Missouri State M, J, 20:145, 1923). 

As I have further shown in these later papers, this stim¬ 
ulating substance is soluble in physiologic sodium chlorid 
solution and in serum. Growth in the cultures can be inhib¬ 
ited by washing the cells with scrum. Actively growing 
tissues in the body are characterized by a relatively poor 
blood supply. Bither the capillaries are few per unit cell 
area, or the circulation is sinusoidal in character. This is 
true for the nail, the wound, granulation tissue, embryonic 
tissues and for cancer. 

Cellular growth, as shown definitely by the cultures, 
depends on the accumulation of a certain normal product or 
products of the cell’s metabolism. This product or these 
products are soluble in circulating body fluids. Growth may 
be inhibited by decreasing the number of cells per unit area 
or by increasing the vascular supply; in other words, by 
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decreasihgr the amount of production of the stimulatin^r sub¬ 
stance or by washin^^ it away as it is formed. This fact I 
have found to have quantitative expression in the culture. 

The fact that the adult cells, when cut off from their vas¬ 
cular supply and not from their oxygen, may grow in a tissue 
culture indicates clearly that the important factor which 
stops growth in the developing animal is the development of 
intercellular substances and a rich vascular supply. There 
is no evidence, as Ribbert has clearly pointed out, that this 
cessation of growth is due to any aging of the cell. 

In the light of these facts, cancer may be readily deduced 
as nothing more therefore than the restoration in any part of 
the body of those conditions necessary for the cells to grow. 
In other words, it'may result from any condition or substance 
capable of inducing the development of a dense mass of cells 
having a relatively iK>or circulation—conditions suitable for 
the stimulating substances to concentrate (Burrows : Tr. Sect, 
Path, Phys,, A. M. A.. 1923). 

As I have stated above, a low concentration of the stimulus 
causes migration. It induces the cells to liberate a substance 
that is an active blood coagulant. This substance decreases 
the surface tension of cells in the presence of fibrinogen. 
They migrate along the lines of diffusion of this substance 
into a plasma clot (Burrows, 1913). Active blood coagulants 
extractable from these cells are phospholipins, according to 
Woolbridge and Mills. They are very soluble in certain coal 
tar products. Mr. Jorstad, working in my laboratory, has 
shown that coal tar acts to produce cancer in that it attracts 
cells to it as the fibrinogen attracts them. It thus attracts the 
cells away from their normal vascular supply and forms 
dense cell masses suitable for independent growth. The coal 
tar does not stimulate growth directly iProc, Soc, JIxpcr, 
Biol, & Med, 21:67, 1923). I have found that chronic inflam¬ 
mation, various animal parasites, and congenital tumors lead 
either directly or indirectly to the same formations (Bur¬ 
rows : Studies in Cancer, loc, cit,; paper read before the 
Southern Medical Association, Washington, T>, C., Nov. 15, 
1923). 

Murray’s conclusions are, I believe, unjustifiable in terms 
of any careful analysis of the facts gleaned from the study of 
body cells grown in vitro, and are out of accord with many 
of the best biologic facts deduced recently and in older times. 
WHdiers, in 1902; had already shown that single yeast cells 
cannot grow in a larg^ bulk of medium. In 1913, I noted 
that the rate of growth in a tissue culture is proportional 
to- the. size and cell density of the fragment, when the size 
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of the fragment Is kept within the limits of an active oxygen 
diffusion. This 1 have again pointed out clearly in recent 
articles. Robertson found the same to be true for the growth 
of paramecium, and in a recent book he -has shown that the 
growth curves of the body are not regular but similar to a 
reaction suffering autocatalysis. 

From the work on the tissue culture, it is evident that 
growth of body cells depends always on the accumulation 
of certain soluble products of their metabolism about them. 
These substances are formed in the oxidation reaction. 
Cancer need not be considered a degenerative phenomenon. 
If one is to give an explanation for cancer from the studies 
of tissue cultures alone, it must be assumed to be the result 
of a condition capable of establishing a dense mass of cells 
having a relatively poor blood supply (conditions suitable for 
maintaining a certain high concentration of certain blood 
soluble oxidation products about the cells). Our studies of 
coal tar, other lipoid solvents, chronic inflammation, certain 
congenital tumors, animal parasites, etc., have confirmed tliis 

view. Montrose T. Burrows, M.D., St. Louis. 
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Tissue growth and vitamines. Montbosh T. Bubbowb, Barnard Free Skin 
and Cancer Hospital and the Department of Stugery, Washington 
University School of Medicine, St. £ouis. 

The B. tumefaciens when injected into the tissues stimulates an active 
g^wth of cells. These cells grow to form a dense, non-vascular cancerous 
tissue. Jorstad and I have tried the ^ect of feeding this organism. It 
acts as a ready and even more efficient substitute for vitamin B (yeast) 
in a diet containing no vitamin B. The growth stimulus of this organism 
allowed to act throu^ the blood vessels produces a normal vascular and 
functioning tissue or a normal growth of the animal. Acting outside of 
the blood vessels it produces in contact with the tissue cells a cancerous 
organization. The two day old cultures which we have tested contain no 
detectable vitamin A. 




STUDIES QNT WOUND HEALING* 

I. **TIRST intention’' HEALING OF OPEN WODNHS AND THE 
NATUJkE OF THE GROWTH STDiUJLUS IN THE WOTTND 

AND CANCER 

Monxkosb T. Bctxows, MD. 

(.From tke Defiattment qf Surg/aryi Washit^o» Ummrsity School cfMeiioim amd 
the Reseat^ LeheratoHes tf ihe Barnard Free Shin and Cancer Hospitdlf 

St. Lottie, Ifietouri) 

While it has been kno^m since the earlier work of Peters, 
Nussbaum and others ^ that the migradon of fixed tissue cells 
plays an important part in the healing of wounds, the general 
rdadon of this process to the growth of the cdls and the oondi- 
ti<ms leading to the gross contraction of the wound remain as 
yet obscure. The rdation of the various cdls concerned to the 
end result is also an unsolved proUem. 

Most authors have looked at the healing of skin wounds as 
the result of a primary overgrowth of ejnthdial and connective 
tissue cdls and a secondary contraotion of these cdlular masses 
or the cicatrix. In infected granulating wounds the coimective 
tissue overgrowth is excessive. These infected wounds first fill 
with granulation tissue. Later as the infection is removed the 
epithdial membrane of the surromiding skin then spreads over 
the granulation tissue. With this later growth of the epithdial 
cdls the granulation tissue suffers shrinkage, through atrophy 
and hyalinization, and pulls the old edges of the wound closer 
togeth^. In dean woimds the picture differs in that the growth 
of the granulations is not so exc^dve. L. Loeb and his stu¬ 
dents ’ conduded from a study of the healing of wounds of the 
skin of the ears of guinea pigs and rats that the changes are a 
primary migration of ^thdial cdls as a membrane from the 
edges of the wound and a growth of connective tissue from 
deeper parts. Contraction is the last act and results from a 
later repression of this dcatrix. 


* Received for publication July 8, X934« 
Sss 
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From observations on many healing akin wounds in the clinic 
I co nduded that dean wQuiids may also heal somewhat dif¬ 
ferently. Many of these wounds heal an early contraction 
of the edge without the appearance of any epithdial membrane 
or noticeable granulation tissue from beneath. In the former 
cases the contraction is evidently due to a secondary contrac¬ 
tion of the overgrowths. In this latter case it is a primary phe¬ 
nomenon preceding and holding in check the growth of the 
connective tissue cdl. A large part of the wound is thus almost 
completdy covered by the stretched skin of the edges without 
any gross evidence of the formation of new tissue. 

While it been known for many years that open wounds 
may heal by * £rst intention * the nature of the conditions 
which lead to this more ideal type of healing have not been 
determined. It was hoped by a more careful study of the be¬ 
havior of connective tissue and epithelial cells in the tissue 
culture and by a further comparison between the reaction of 
these cells in the cultures, and in the wound that it might be pos¬ 
sible not only to learn more about the nature of the conditions 
whidbi control these various types of healing but also to deduce 
something about the nature.of the stimulus which leads to the 
growth of cdls in the body after injury. 

In the granulating wound the growth of the epithelial cells 
is ddayed. The granulations grow excessively. In the simple 
wounds the growing qpithdlial c^s inhibit apparently the 
growth of the granulation tissue. Thiersch and Remak had 
noted evidence of an antagonism between ^thdial and con¬ 
nective tissue cells during devdopment and in cancer. This 
antagonism had not been resolved, however, to understand¬ 
able and practical terms. 

In previous articles 1 have pointed out that the active 
stimulus for the growth of cdls in the tissue culture other than 
a proper temperature, food and o:iygen, is a crowding of the 
cdUs together in a stagnant environment. I had also related 
these factors of stagnation and crowding to the stepping of 
growth at maturity, to hypertn^y and hypexidasia, and to 
cancer. I had shown that the cooditions and substances (such 
as chronic inflammation, coal tar, etc.) which lead to cancer act 
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onfy to biing cells together into a compact mass and reduce the 
blood supply to this mass. They. do not induce growth. 
Growth is the result of this piimaxy crowding and stagnation. 

Whether the same conditions are responsible for growth in 
the wound I had not determined. I had also not explained how 
a cancerous organization thus induced by coal tar or other sub¬ 
stances or conditicms can continue to grow to the destruction of 
the body and independent of the primary conditions or sub¬ 
stances which had induced it. 

Tse Behavioe op CoNi^EcnvE TissxrB Ain> Epteheucax, 

CEIXS in TBE CUI.TOKES 

In cultures of fragments of skin where blood {dasma is used 
as the medium I have noticed that the growing epithelial cells 
antagonize the growth of the connective tissue cells about frag¬ 
ments of adult akin while the reverse is true for the growth from 
fragments of embryonic tissue. The epithdhal c^s of the sTriri 
rarely ever separate from each other in the culture. They move 
out generally as membranes from the fragments. Fig. 7. The 
connective tissue cdls on the other hand separate themselves 
readily from the fragments and become dipersed in the me¬ 
dium. 

Connective tissue cells rardy ever migrate from fragments 
of the whole adult skin. They migrate only from fragments of 
the dermis and superficial fascia from which the epithelial layer 
has been removed. The epithelial cells not only begin their 
migration after a much shorter latent period but they also bring 
about conditions which comidetd.y inhibit connective tissue 
c^ activity within and about these fragments of adult tissue. 
What is true for adult skin is not true however for that of the 
embryo. In embryonic life the mesenchyme is a densely cdlu- 
lar S3mcytium. Ilie epithdium is only a double layer of cdls. 
About fragments of this tissue placed in the cultures the noe- 
senchyme cdls migrate out after a very short latent period. 
While in a few cases the pithelial cdls may migrate with them, 
in most cases these pithdial cdls degenerate or lose their sub¬ 
stance to the growing mesendiyine. 
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As devdlopoaent pxoceeds, the ^thelial layer gradually 
thidkens axid the iziesendi3ane cdls decrease per tinit area in the 
tissue. The epithelial tissue remains a densdy compact layer of 
cdls, while the connective tissue cells become wxddy separated 
the laying down of the intercellular fibres. As these changes 
proceed the ^thdial cdls gradually dominate over the oon> 
nective tissue or mesenchyme cdls. They migrate quickly 
from adult fragments placed in the culture while the migration 
of the connective tissue cdl, rajnd in early life, becomes slower 
and slower with these age changes and the latent period before 



Fig. z. A diggcam to sbow tilie bdiavior of fragments of 
fr^s lAin when embedded in the dot or placed against 
itaedge. Iheonginal position of the piece placed against 
the edge is diown in outline. This piece has migrated 
into the dot and dissolved a wide area of the dot along its 
sides and behind it. In the left part of the layer of plasma 
a similar pie^ of skin embedd^ in the dot is shown sur* 
rounded by its stretdied qpithdial membrane. 

these cdils begin to migrate from fragments placed in the cul¬ 
ture becomes greatly prolonged. 

In this r^;ard the response of these cdls in the culture is like 
that for pathological growths in the organism. Sarcoma is a 
disease more peculiar to early life while carcinoma is more com¬ 
mon in later periods. The question arose how important is 
dominance of the qpithdial cdls in the healing of woimds. 

In 1913,* in attempting to ascwtain the mechanism of the 
fonnation of ^thdial membranes and how th^ prevent the 
migration of the connective tissue cdls from the fragments of 
skin of older embzyos and adults, 1 further noted that these 
epithdial membranes never form about fragments of aM" ex¬ 
cept when both the fragments and the plaama. dot are firmly 
anchored. 'When the plasma dot is unattached it is drawn in 
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.mass to these fragments and dissolved. 'When the fragments 
are not anchoFed th^ migrate in mass long into the 

plasma dot. No qathelial membranes appear from these frag¬ 
ments during their migration as hone appears while a loose dot 
is being pulled to an anchored fragment and dissolved. 

At the same time * I also studied the mechanism of the for¬ 
mation of these epithdial membranes and the healing of simple 
skin woimds cut throu^ the middle of fragments of sViTi which 
were placed in the plasmatic medium of the culture. These 
epithdial membranes which form about the fragments are the 
oxigmal stretched membrane of epithdial cdls whidh cover 
these fragments. This stretching is dther the result of an ac¬ 
tive contraction of the dot to whidi the border cdls of the 
membrane are attached (Esperiment Ke No. 7, Fig. a) or to an 
actual migration of these border cdQs over the surface of a con¬ 
tracted dot and an active dissolution of the dot behind thmn 
CEkxpeiiment R4 No. 6, Fig. 3). 

experiment Ele No. 7. In this experiment I placed a frag¬ 
ment of the slgiu of an x8-day old chick embryo one millimeter 
thick, in a layer of plasma according to the technic described 
dsewhere.'* The plasma dotted quickly after the tissue frag¬ 
ment was added. Along one side of the fragment the plasma 
loosened from the connective tissue but remained attached to 
the border cdls of the epithdial membrane. This part of the 
dot sufE^ered an excessive contraction. In contracting against 
its firmer attachment to the cover glass it stretched the mem¬ 
brane of the fragment. The fragment was hdd in place through 
its attachment to the dot on its other sides. Fig. 6. 

Experiment No. 6 R4. A fragment of skin and connective 
tissue covering the anterior lymph sac of a frog was removed 
and the endothdial lining of the lym^fii sac scraped away. The 
piece was then placed in a layer of plasrzra 0.5 mm. in thickness 
spread on the surface of a cover ^ass. The plasma was pre¬ 
pared from the blood of an adult frog. As soon as the tissue was 
laid in place a hollow slide rimmed with vasdine was placed 
over the cover glass. The culture was thus sealed in a small 
moist air chamber. After a few minutes the plasma dotted. 
The slide was then tamed over so it could be observed readily 
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under themicrosoope. The whole procedure was carried on and 
the slide was in a room heated to a constant temperature 
of 70® F. 

After one hour an ^thdUlal membrane began to stretch out 
from all sides of the fragment into the medium. Just preceding 
this movement the jdasma dot underwent marked contraction 
mth the formation of fibrin and serum. The cdls at the edge 
of the membrane dung tightly to the fibrin thus formed and 
moved outward over it. Directly bdiind these outer border 
cdls the plasma underwent a rapid dissolution. This dissolu¬ 
tion involved at first only a part of the dot immediatdy bdiind 
the outer border cdls. Slightly farther back it extended down¬ 
ward through the whole layer. That part of the membrane 
between its border cdls and the fragment thus became entirely 
free of any solid attachment, Ffg. 7. 

In all such cultures this movement of the outer border cdls 
continues only to the limits of the dastidty of the membrane. 
The membrane may tlien tear loose from the clot or breaks in 
the middle. The freed parts retract against thdr points of re¬ 
maining attachment. If one cuts this membrane during its 
formation it retracts inunediatdy. If one loosens the fragment 
it is drawn against the dot through the retraction of the elastic 
and stretched membrane. As is evident, such forward move¬ 
ment of the border epithdial cells which stretch this membrane 
must drag an unattached fragment or skin edge with it. 

In other experiments I cut small button holes through larger 
but similar fragments of frog skin. I placed these fragments in 
layers of plasma prepared from the blood of adult frogs. These 
button holes or wounds become covered by the ^ithelial mem¬ 
brane when thdr edges are wdl anchored. When thdr edges 
are fredy mobile they are drawn together by the moving epi¬ 
thelial membranes. Fig. 2. 

In these wounds cut in pieces of adult frog skin of t-ha cul¬ 
ture, one never sees any connective tissue cell activily. The 
migration of the connective tissue is not only temporarily 
but pe rman e nt ly inhibited. The mobile connective tissue edges 
are also never drawn completdy together. 

At first I t hough t that this failtue of the mnn#N rtf-w 
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cdls to move oat from, these fragments mi^t be due only to 
the liquefaction of the dot. Harrison in his earlier studies had 
noted that body cdls cannot move into a liquid medium. 
Thqr move only along fibrin fibrils or surfaces of the medium. 
A careful study of serial sections of these fragments has shown 
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Fig. a. Camera ludda drawings made 
at stated intervala of the edges of a 
fiMtling buttonhole cut in a fragment 
of frog ddn which is embedded in a 
hanging layer of plasma. 

however that other inhiMting changes also take place. The 
connective tissue cdls may be destroyed in these fragments. 
The epithdial cdls in dissolving the dot not only destroy a 
path for the migration of the connective tissue cells but they 
may actually destroy the connective tissue cells themsdves. 
In earlier studies I had shown that the embr3ranal mesen- 
chsnne may migrate and grow at the expense of the epithdial 
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/vJia of the fra gment. In these adult fragments of the frog skin 
the reverse is evidently true. 

The adult connective tissue cdls unlike the ^thdial and 
embryonic mesench3nne do not oonunence to move two or 
three hours after the cultures are prq>ared but only after tw'o 
or three days. Thqr separate from the eztracdlular fibrils of 
the fragment to invade the: dot. Th^ are few in number. 
They cause no dissolution of the dot but transform it rapidly 
into course fibrils of fibrin along which th^r migrate. Quite 
unlike the efuthelial cells these coimective tissue cdls never 
drag the fragments with them. I have studied the healing of 
buttcmholes cut through fragments of pure mesenchyme and 
coimective tissue. Ih fragments of sroung mesenchyme where 
the cdls are a part of a syncytial network the edge of the but- 
tonhdes may be drawn together somewhat. As a rule, how¬ 
ever, these edges only thin out as the cdls leave them. In 
fragments of coxmective tissue the cdls alwa3rs leave the edge 
and invade the dot. They transform this dot into fibrin fibrils 
whicdi radiate across the wound. In contracting, these fibrin 
fibrils pull the edges slightly together. For the most part the 
healing takes place by a filling up of the wound with migrating 
and growing connective tissue cdls. 

These facts are illustrated in Fig. 8 (a and 6). These figures 
are drawings of a culture of a piece of the skin of an i8-day old 
chick embryo. A buttonhole had been cot through the skin 
and the epithdial membrane had been cot away from one side 
of the buttonhole. The sharply outlined edges of the button- 
hde are the parts covered by epithdial cdls. Fig. 8 (a) was 
drawn irmnediatdy after the colture was made. Fig. 8 ( 6 ) 
shows the condition of the cultures 30 hours later. Mesen¬ 
chyme cdls have migrated into the wound from the part which 
has no epithdial covering. This edge of the buttonhole 
also remained more or less fixed as shown by the mark (x) on 
the cover glass. The part covered by ^thelial cdls, on the 
other hand, has shrunken, effecting a considerable dosure. 
The mes enchyme cdls have also migrated to a digh^ extent 
from beneath the qpithdial layer. The activity of the more 
densdy cell u lar mesendiyme of this embryonic wkiTi is not so 



SnXDlBS ON* WOUND SBAX 1 N 6 623 

completeLy inhibited by the epithelial cdQs as the coxmective 
tissue cdls beneath the ^thelium of the adult hragmeuts. 

Hbalxnto of Skin Wounds in An3iiai.s 

In the lis^t of these facts I had questioned, therefoie, 
whether the piimaiy outward extension of an ^thdial mem- 
bxane from the edge of a wound in the eats of animals, de¬ 
scribed by Loeb, might not be merely peculiar to skin wounds 
of those regions of the body where the skin is attached to 
de^er rigid structure. In other localities, sudi as in the loose 
skin of the trunk and extremities, it was possible that the pic¬ 
ture might be diffa%nt. Epithdial membranes had ai^>eared 
cmly from firmly anchored fragments of ddn in the cultures. 

I had also asked the question whether the active contraction 
of the granulation tissue in the infected wound mi^t not be 
due to a dominance and destruction of this tissue by the epi- 
thdial layer ^d whether this dominance as wdl as all growth 
in the woimd mi^t not be, as in the cultures, a response to 
stagnation resulting from the destruction of blood vessds and 
the infiammatory congestion rather than one of purpose for 
healing. The epithelial layer had become dominant in the cul¬ 
tures only where it was the more den5d.y cdlular tissue. 

Method of PrepaHng and Studying the Wounds. The wounds 
studied have included only the skin and superficial fascia. 
Most of the wormds were made in the skin of the abdomen and 
back. A few were made in firmly anchored parts of the skin of 
the neck and head. Seventy rats and guinea pigs were used. 
The a-Tiimals were given ether. The hair was removed with a 
20 per cent solution of NaaS. The skin was then cleaned with 
warm tap water and alcohol. The woxmds were made by first 
cutting a circular incision with a c:ork borer. This incision was 
carried to the deep fascia. The pie(» thus isolated was lifted 
out and cut loose from the de^ fascia with small ciuved scis- 
sors. 

As soon as the wotmd was made, a sterile glass slide was laid 
ov^ it and its edges carefully traced with a pencil on the giass. 
This outline was then transferred to a note book. At regular 
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intervals of la to 34 hours aiTni 1 i>.r outlines urere made of the old 
edges of the wound until dlosuie was effected. 

No dressings were jdaced on these wounds. The animals on 
the other hand were placed in cages on sterile towdls. The 
towels were changed hpequently until a scab had formed. In- 
fectioDS have at no time been trouUesome. Foreign bodies 
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Fig. 3 . Outline of original edge of wounds in the akin of the abdomen and 
bade of xats showing how these edges have moved together. 


were found in a few of the wounds and there was a moderate 
leucocytic reaction in a part of them. It was not the abso- 
lutdiy sterile wound that interested me: it was the mechanism 
of ordinary closure that seemed important for investigation. 

In several of the wounds the scabs became very larg^. These 
large scabs not only tiowed the healiirg but prevented the meas¬ 
urements of the edges of the wound. Such scabs were removed 
from time to time. They formed mostly on the wounds which 
had bled fredly or were slightly infected. 

Periodically during the experimaiit certain MiiTvisila were 
killed with ether. A piece of akiTi containing the wound was 
qrread cm a cardboard and fixed in formalin. Blocks cut across 
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these wounds were sectioaed and Stained. The sections in each 
case were made perpendicular to the surface oi the skin. 

The cork borers used for matringr these wounds measured 
10 and 13 mm. in diameter respectivdy. The freshly made 
wounds gapped frequently, however, to take larger dimensions 
and various shapes peculiar to their location. On the abdomen 
when the animal is stretched out on the operating table the 
wound gaps and assumes an ovoid shape with its long axis 
paralld to the long axis of the animal. When the anesthetized 



F{g. 4. Fxoiection dxawing of a thin crosa-aection of a a day old wound in the 
danof the abdomen of a guinea pig. The avenge number of ndtoaes in xo aerial 
aectaona of the indicated areaa of the e^nthdium are given in the figures above 
this layer. The exudate is diown in attpple. Thewhole ddn at one side has 
move up over the wound. 


animal is allowed to lie relaxed on his back it is circular. When 
the animal awakens and squats the longitudinal axis shortens 
and the transverse becomes the long axis of the wound. On the 
ba(^ the wound may gap to an irregular circular outline. The 
irregularities are the result of irregularities in the attachment 
of the skin to the deep fascia. 

Changes in the Wound during Heading, After 6 to 34 hours 
these edges become fixed however and begin to move at first 
slowly and then more rapidly toward each other. In the wound 
on the abdomen and back this movement of the skin inward 
and shrinkage of the edge (x>ntinues often rmtil closure is prac¬ 
tically effected. Fig. 3. 

The layer of tissue which moves over the woimds includes 
the epidermis, dermis and a few attached fibres of the super¬ 
ficial foscia. Figs. 4 and 5. This forward movement of the skin 
layer leaves an open space between the skin above and deep 
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fosciabdow. This space is lined by fibres and cells of the super¬ 
ficial and deep fasciae. When this movement commences the 
connective tissue edges of the wound are oedematous. Fig. 4. 
They contain a scattering of leucocytes. No growth activity is 
seen in any of the connective tissue cdls except in places where 
the deep muscle layers have been accidentally injxued. Here 



Ffg. 5. Pkojectioiidmwiiigof athin stainedcxosa-sectionof a 7day old 
wouzidia the akm of the abdomen of a guinea pig. The average num¬ 
ber of mitoses of the indicated areas of the epithdUlal layer are given 
in figures above this la3rer. The exudate is shown in stipple. The area 
of dense oonnective growth in the wound is in dead bla^. The areas 
of moderate growth axe indicated by dadies. There is an area of prolif¬ 
erating oonnective tissue cells beneath thehyperidastic e[nthelial layer. 


one may find a more active infiammatory reaction^ a prolifera¬ 
tion of fibroblasts in the tissue and an invasion of adjacent 
parts of the exudate by these cells. 

The qpithdial cdls on the other hand are already active. 
This layer has already noticeably thickened not only at the 
wound boundary but far bdiind this point. Iliis proliferation 
is greatest at or near the edge of the wound. It gradually de¬ 
creases back from this pmnt as is indicated in !Elgs. 4 and 5. 

As the skin edges move forward the coxmective tissue cells 
begin to proliferate and to mi^ate into the exudate from the 
bottom and sides of the woimd. Tb^ fill and close the gap 
between the deep fascia and skin above. This movement of 
the skin continues to the limits of its dasticity or tmtil it be¬ 
comes fixed by the oonnective tissue overgrowth. An expand- 
ing mass of granulations fills the intervening gap. Fig. 5. lAter 
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an epithdtial membianjB stretches out over the granulations to 
complete the closure. 

In the -wounds of the skin of the ba<^ of Ihe ned: and ears the 
picture is identical ezc^t that the opening left to be closed by 
gran-ulations is much greater. After a meager primary shrink¬ 
ing of the edges there is a period of rest when granulations 
spring up from the bottom of the -wotmd and an ejnthddal 
membrane stretdbes out over them to effect a dlosiue. In the 
cleaner wounds this movement of the epithdial cdls takes place 
early and prevents any very great activity in the connective 
tissue cdils. In most of the wounds the granulations grow suffi¬ 
ciently to fill the normal gap between the deq> fascia and epi¬ 
dermis. In one wound the qpitlulial movement was more rapid 
so that the le-vd of the freshly healed -wound surface -was below 
that of the surrounding skin. 

While such a forward movement of the whole skin over the 
woimd may be the result of a shrinkage of the edges of the 
wound, the evidence leaned from the cultures and studies of 
aimila-r -wounds on the back of my hand indicate that it is the 
result of a force acting between the skin edge and the center of 
the wound. The gross movement of the skin described in the 
cultures above is the direct result of a forward migration of the 
^ithdial cdUb. Many of the wotmds on the back of my hand 
ha-ve closed so rapidly that they have shown definite radial 
-wrinkles. The shrinkage of the edge is evidently either a second¬ 
ary phenomenon which may or may not keep pace -with the 
forward movement or it is a part of the same mechanism of 
migration. 

The picture in these wounds is identical therefore to that 
seen in cultures emoting that the cdls failed to grow in the 
fdasma cultures while the movemeat in the wounds is asso¬ 
ciated -with an active proliferation of cdUbs. Where the edges of 
the woxmds are mobile th^ mo-ve in mass towards the center 
of the -wound. Where th^ are fixed, an epithdUlal membrane 
stretches out from them. 

The Behavior of Various Types of Ceils in these Wounds and 
the Sites of Greatest ProiiferaHon. As stated above cdlulax 
growth in the cultures depends not only on food, orygen and a 
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proper temperature but also on a crowding of the cdULs together 
in a stagnant environment. In these wounds cdlular proUfera- 
fion fftnniTigTirM earliest in the ejntbdial layer. This layer has 
no intercellular capiUaxy net. The cdls in it are crowded to¬ 
gether. This layer dominates not only at the onset but con¬ 
tinues to dominate thiou£^ut the healing process. Ih none of 
these wounds have I found any evidence that this growth of 
rrfla follows any laws of purpose for healing. The cdObs in the 
qnthdial layer not only grow and move out over the woimd but 
th^ proliferate in situ for a long distance bdbind the woxmd’s 
boundaries. The sites of proliferation in the ^ithdial layer 
correspond exactly to areas of the skin suffering from inflam¬ 
matory congestion. The amount of this proliferation is propor¬ 
tional to the amount of congestion of blood in the areas below 
it. The migration and growth of these cells at the edge of the 
wounds are also from the less to the greater stagnant areas 
within the wound. Again, this proliferation is seen not only in 
the.covering layer of ^ithdimn but also in the glands and hair 
follicles. Hypertrichosis to a greater or less degree is practically 
imiversal about these healing wounds. 

The earliest growth of connective tissue cdls is seen in in¬ 
jured areas of muscle. Later the cdls in the deep fascia, in the 
superficial fasda and the true skin proliferate in situ. Capillary 
i^routs and these proliferating cdls then move into the exu¬ 
date. The greatest growth is seen in these cdls which invade 
the edge of the stagnant wound area. In this area they grow 
as a densdy cdlular expanding mass of tissue. The endothdial 
cdls of the capillary sprouts also grow laterally as well as for¬ 
ward to form sinusdids, which are larger than the capillaries 
and vessds at the edge of the woimd which supply blood to 
them. 

Beneath the overlying skin this excessive growth of cormec- 
tive tissue continues only until the gap is filled. It then suffers 
atrr^diy and shrinkage. Through the contraction of this 
the edges of the superficial fascia are pulled together. 

In the middle of the wound this growth of connective tissue 
cdls reaches its greatest dimensions. Here this growth con¬ 
tinues always until the wound is covered by the quthdial cdls. 
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Tliis is not true of the qgathdiial ceUs. The oeUs in this layer 
continue to grow for a long time afterward and apparently at 
the expense of the granulation tissue. Ih most of the wounds 
the ejathdial cdls stretch out as a straight layer over the granu¬ 
lations. In a few of the wounds, however^ one may see iiregular 
overgrowth from these epithelial membranes. These appear as 
papiUaiy downgrowths into the underlying connective tissue.. 
At no time have I found evidence that these downgrowths are 
other than abnormal. There is no evidence that th^ are to be 
later changed into hair fcdlides or glands. 

This growth in the q^thdial layer continues imtil the granu¬ 
lations have suffered their extreme atroi^Ly. Wh^ the ejn- 
thdial membrane first stretches over the granulations it is a 
double or sin^e layer of cells. This subsequent growth leads to 
rapid increase in cdls within it until it is often as c-hir^Tr as the 
lateral h3q>ertrophic parts of the skin. Finally when the scar 
has formed and the blood vessds have either shrunk to ddicate 
capillaries or disappeared, growth ceases also in this layer. The 
outer cdls of this layer then become keratinized. 

During the migration of the epithelial cells over the wound 
the original homy layer separates from the lower active cdls of 
the epidermis. This homy layer need not be cast off at once. 
It often also migrates into the exudate for a considerable dis¬ 
tance. It apparently never becomes attached again to the un- 
derl3dng cdls of the epidermis. A new homy layer is later al¬ 
ways formed from the outer layers of cdl of the new epidermis. 

TAe R/fle of the Eacudate, Many textbooks of pathology state 
that the exudate is removed by leucocytes. In the cultures 
described above it has been noted that the epith^al cells may 
dissolve these dots. Fol3anorphonudear leucocytes are seen in 
the areas of newly formed connective tissue at the edge of the 
wotmd and in ♦•ha exudate tintil dosure is effected. They then 
disappear apparently by way of the blood vessds. With the 
narrowing of the blood vessds and the increase in rate in the 
circulation these cdls are apparently attracted out of the tis¬ 
sues. 

In veiy few of the wounds studied has there been any evi¬ 
dence that these lead to auy extensive dissdlution of the 
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dLot. Th^ migrate into the exudate along narrow dhanndis 
which they apparently dissolve ahead of themsdlves. Only 
when they are in •very lax^ numbers, however, does this disso¬ 
lution become generalized. 

Catrd. * in a recent pai>er has tried to prove that th^ are the 
active stimulant for growth in these woimds. I fboid no evi¬ 
dence for deduction. In fact th^ inhibit growth of the 
connective tissue cdls in the cultures when in larger numbers. 
I have seen the most active growth absays in wounds-contain¬ 
ing only a few of these cdls. As I have pointed out in previous 
papers the stimulus for a growth of cdls in the cultures 
other than food, oz3gen and a proper temperature, is stagna¬ 
tion. The whole of the metabolic leactions of the cdls are in¬ 
duced and controlled by a certain substance or substances 
liberated by them throu^ the oxidation of other substances 
within them. These products of the oxidation reaction act in 
proportion to thdr concentration. The body cdls have no 
means to retain these products within themsdves in an en- 
-vironment where th^ may readily diffuse or be washed away. 
In order for these cells to digest thdr food they must be 
crowded together in a stagnant environment so these products 
of thdr oxidative reaction can accumulate about them. 

In most of these wounds, it is interesting to note that the 
connective tissue cdls do not become dispoaed in the exudate 
as in the cultures. The connective tissue grows in the wound 
as an espanding xtuiss of cells and blood vessds. At an earlier 
time I had bdie-ved that the plasma dot supplies no food to the 
connective cells migrating and growing in the cultures. Later 
studies have shown, however, that this is probably not true. 
These cdls except where they are very dosdy packed together 
cannot destroy the fibrin, but th^ do take fats, serum pro¬ 
teins, and evidently other substances from the dots. Thdr 
dispersion is probably laigdy due to thdr being attracted to 
th^e food substances in the medium. In the wound, conditions 
are different. Nutrient substances am probably laigdy de- 
zived ffom the dilated blood vessels within the granulation tis¬ 
sue. Ajs I pointed out in previous artides the migrating and 
gfrowing cdls in the cultures may also draw nutrient substances 
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from, other less favorably located cdls £a the center of the frag¬ 
ment. In a part of the cultures of fragments of the and 
gla nd s of older embryos one sees a most active growth of mes- 
endbiyme cdls. In many such fragments the ^thdial cdls 
gain the upper hand. They stretch out as a membrane, dissolve 
the dot and destroy the mesenchsrme cdls. In other cultures 
the mesendi3naae gains control. These latter cells then grow at 
the expense of qpithdial cdls in the fragment. The degenerat¬ 
ing epithelial cells supidy the nutrition for the abundant growth 
of these cdls observed in such cultures. These growing mes- 
ench3nne cdls obtaining their nutrition from within the frag¬ 
ment then also grow as an expanding mass which dissolves and 
removes the dot ahead of it. Such an expansile growth con¬ 
tinues, however, only until the epithdial cdls are reduced to a 
granular mass. The mesendryme cdls in the mass then either 
degenerate or begm to disperse into the dot. 

In the wounds one sees no such extensive dissolution of the 
dot about the qpithdial layer as in the cultures. The epithelial 
cdls generally move out over the surface of the granulation tis¬ 
sue. Where th^ move out into the exudate, th^ desteoy it 
ahead and over them but not so much beneath them. Infected 
parts of the exudate axe apparently dther pushed outwards by 
the growing fixed tissue cells or dissolved by a msussive ac¬ 
cumulation of pol3anoiphonudear leucocytes within them. The 
deaner psurts of the exudate disappear on the other hand with 
the growth of the fixed tissue cdls. Th^ are apparently eaten 
up so to speak, by these growing cdls. 

SmacAKir and Discussion 

Since the work of Cohnbeim the attention of students of 
wound has bear laigdy centered about the bdiavior of 

the leuoc^ctes and the other wandering cells. With the advent 
of the tissue culture it has been possible to study the behavior 
of the fixed tissue cdls and to analyze the general conditions 
which regulate their growth. Through a comparison of the be¬ 
havior of these cdls in the cultures and in the wounds it has 
been possible to explain certain variations of the healing i»x>c- 
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ess in wounds, the importance for healing of the dominance of 
CT iPt tissue over another, how one tissue may thus gain control, 
q.Tid how injury induces growth in these cdUs. 

While it has been shown that the leucocytes play an impor¬ 
tant rfile in removing infected areas of the exudate, bacteria, 
necrotic tissue and other irritating substance there is little evi- 
dmice that th^ are of any importance, as Carr^ contetids, in 
otherwise stimulating and controlling the growth of the fixed 
tissue cdls. An active growth of ejuthdial cells is seen in the 
areas bddnd the edges of the wound. These areas axe fre- 
qumitly largely free of leucocytes. A careful study of the above 
wormds shows that the most active growth of cdls is in the 
stagnant area of the woxuid. Outside this area the cdUular 
ttieUa l layer and a narrow zone of the less cdlular connective 
tissue undergoes proliferation. This proliferation corresponds 
exactly to the area of inflammation or the area suffering con¬ 
gestion or lowing of the circulation. 

Several years ago Morgan ^ had shown that the growth in 
regenerating tissue is not due alone to food and osygen. It is 
the result of other conditions. Morgan foimd that the legs of 
starving salamanders regenerate as rapidly as those of well fed 
ones. The difference between these animals is that the starv¬ 
ing ones suffer an excessive atrophy of all of their organs. The 
regenerating tissue had taken its food supply evidently from 
the differentiated cells of the animals. By these e:iqpeiiments 
Morgan had not only shown the necessity of fecial conditions 
or stimuli other than food and oxygen for the cells to grow but 
he had also shown that the cells stimxilated to grow may draw 
food substances directly from other cdULs less favorably located 
in the body. 

Using the tissue culture I attempted to ascertain the signifi¬ 
cance of these facts and the general nature of the conditions or 
s tim u li other than food and oxygen necessary for the growth of 
these body cells. In cultures of embryonal cells supplied with 
ample nutrition and o^gen for a considerable growth of edds 
I have found that these cells are unable to grow imless they are 
crowded together so that a certain product or products of their 
normal oxidation cannot escape from them. The growth of the 
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cdll can be stopped wasbing them with serum or by placmg 
them in a rdativdy large amount of medium which adsorbs 
or keeps by other indirect means the concentration of this pri¬ 
mary oxidation product or products bdlow a certain amount. 
The energy utilized the cdls for drawing food to them, di¬ 
gesting and Bsmthesmng it, for their migration and functiem is 
directly proportional to the concentradan of this primary oxi¬ 
dation product or products within and about them. The con¬ 
centration of this substance is directly proportional to the 
number of cdls crowded in a given area and indirectly propor¬ 
tional to the stagnation of this area. In the body its formation 
is either prevented or it is removed the circulating blood.^* ^ 
«, 10, u j called this substance or substances the eirchusia, 
the driving substance of the cdl. 

In these previous papers I have shown that the hypertre^hy 
of certain tissues, the growth of cdls in the bed of the nail and 
in cancer, is induced and controlled by the same conditions. It 
can be rdlated to the densdy cellular character of the tissue, 
a rdatively poor circulation, or both.* In the wounds studied 
above the growth is not one of immediate purpose for healing. 
It is geaerally. excessive and beyond the bounds of the wotmd. 
This growth as in cancer and other growing tissues corresponds 
to the areas suffering a reduction in circulation. The reduction 
in the circulation is the direct result of the destruction of blood 
vessels and the inflammatory reaction. The amoimt of growth 
is always proportional to the congestion and stagnation. 

In the dean wounds of the skin of adults the dominating tis¬ 
sue is the qpithdial layer. Growth is first seen in this layer. 
This layer may also move forward at an early time into the 
wound dragging the akin edges with it or it may stretch out as 
a membrane over the surface of the wound holding in chech the 
growth of the granulation tissue. The granulaticm tissue grows 
in excess only in those wounds where the epithelial cells are in¬ 
jured infection or otherwise. In the eventual healing of 
these infected granulating wounds the granulation tissue suf¬ 
fers atrophy and hyalinization. These later changes take place 
with the growth of the epithelial cdls. These latter cxlls con¬ 
tinue to grow imtil the hyaline scar is formed. 
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Tri the espeiimeiits with the cultures it has been shown that 
a dominating tissue may not only inhibit the growth of other 
orfla but that these dominating odls xnay also destroy and use 
as food the protoplasm of these other cdls. Contraction in skin 
wounds has been shown to be the result of the activity of the 
epithdial layer. In dean wounds where the skin is not attached 
to deqper structures the more active ^ithdial layer drags the 
edges of the wound together. In other areas where the skin is 
attached to deqper structures the einthdial cdls stretch out in 
a membrane over a growing granulation tissue. These cdls in 
their further growth destroy in part at least the granulation 
tissue and effect a secondary contraction of the wound. In the 
same manner the epithdial layer must destroy and grow at 
the expense of the granulation tissue at the time of the even¬ 
tual healing of the infected granulating wound. 

Morgan, as stated above, had shown that cdls stimulated to 
grow may take substances necessary for thdr growth from less 
active cdls of the organism. In the cultures I ‘ have noted 
that mesendxyme cdls of the mnbryo may grow at the expense 
of ^nthdial cdls. Recently Barta ” working in my laboratory 
has confirmed experiments mentioned above which illustrate 
the reverse dominance of the epithelial over the connective 
tissue cdls in adult tissues. He stimulated the activity of the 
cdls in fragments of the ureter of half grown rats by adding 
embryonic extract to the medium. In all but a very few cul¬ 
tures the e^nthelial cdls grew at the e9q>ense of the muscle and 
the adjacent coimective tissue cdls. The muscularis and the 
submucosa of these fri^ptnents suffered a true hyalinization not 
unlike that seen in the granulation tissues of the wound as it 
becomes transformed into the scar. 

These experiments have also shown that this dominance of 
the qpithdial layer over the oozmective tissue in the adult is not 
rdated to any age change or any other peculiarity of the cdl 
itsdf excepting those peculiarities which hold the epithelial 
cdls in layers free from blood vessds and allow the coimective 
cells to scatter in a vascular tissue. It is related directly to the 
cdl density of the different tissaes and the stagnation of their 
immediate environment. Throughout work with the 



STUDIES am wotnuD beaxjkto 635' 

culture I have seen groups of cells pxey as readily on other 
groups of their own kind as on cdls of other kinds. 

By these observations it has beox possible, therefore, not 
only to become acquainted with certain parts of the mechanism 
of healing in akin woimds which allow a oorrelaticm between the 
various 1yx>es of healing but also to give further confirmation 
that ceU crowding and stagnaHon are the fundaxnoital factors 
whi<±i regulate the normal balance between tissues, local h3^per- 
plasias and hypertrophies, atroE^es, h3ralmization, devriop- 
ment, wound healing and cancer. These differences in the end 
result are due merdy to quantitative differences in these fun¬ 
damental factors. In the beginning of the life of the it 

has no circulation. It is with the gradual separation of cdls 
and devdopment of blood vessds that growth becomes irregu¬ 
lar in the embryo, dows and ceases in adult life. In previous 
artides I have shown that the growth of the cdls in the bed of 
the nail is related to a peculiar reduction in the circulation and 
a partial cutting off of the cdls from the immediate effects of 
the circulation. Throughout the area of the lunula the qpi- 
thdial layer is not attadied to deeper structures.^* The circu¬ 
lation under this part is reduced to a sm^e layer of large 
dilated capillaiies or sinusoids. These vessds are filled and 
emptied by vessels of smaller calibre. The circulation in these 
sinusoids must be sluggish. A similar type of blood vessd is 
foimd in the bone marrow, the devdoping liver and in granu¬ 
lation tissue. Hypertrophy of the heart follows a primary dila¬ 
tation of the heart and a compression of its blood vessds. The 
fingers dub in congenital heart and in many lung diseases. 

Cancer, as stated above and in previous artides is the result 
of a reduction in the circulation of a cdlular tissue or to the 
crowding of cells together and a corresponding reduction in the 
circulation of the newly formed mass. Visdd drops of coal tar 
are able to induce cancer in that they are able to attract fixed 
tissue cdls to them. The cdls attracted are not only the epi- 
and connective tissue cdls but the endothdial cells of 
the capillaries and the smaller blood vessds. These drops of 
coal tar are thus able not only to build a cdlular tissue about 
themsdves but one having a reduced drculation. The blood 
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vessdls about these drops are destroyed throu^ the attraction 
of thdr endothdial cdUs away from them. These drops of coal 
tar do not show any greater afiSnily for one type than another 
of these fixed tissue cdls. The greater number of connective 
tissue or the epithelial cells in such masses, as the case may be, 
is rdlated to the position of the drop of tar. If the epithdlial 
cdls predominate in the tissue where the tar is placed, th^ 
collect in greater numbers about it. The number of cells col¬ 
lecting about any drop of coal tar is also proportional to the 
number of cdlls originally present in the tissue. In the ^arsely 
cdllular subcutaneous tissue of adults only a few cells collect 
about the tar. The mass of these cdlls is never great enough to 
induce growth. Many of its blood vessds have been destroyed, 
however, so it soon becomes transformed into a hyaline scar. 

the cdllular mesendiyme of embryos sarcomatous growths 
develop readily. Drops of tar placed against the epithelial layer 
of adult glgin collect dense masses of ^thelial cells about them. 
When these masses become large enough their cells either 
degenerate or grow and destroy neighboring normal tissue. 

So in the same manner evidence has been found to show that 
the growth in the wound is also the result of a similar stagna¬ 
tion. The question arises why does the growth cease in the 
wound and continue in the cancer. The above observations 
answer this question by showing that the stagnation produced 
in the cancer is the result of the building of a new tissue having 
an overabundance of certain cdls and a greatly reduced blood 
supply. These larger dense masses of cells are not only able to 
invade and destroy neighboring tissues and blood vessels but 
they may pr^ directly on thmr own blood vessels and stroma. 
Ball has pointed out the peculiar shrinking of vessels in many 
cancers.^’ In other cancers one sees many large dilated vessdls. 
In the cultures a small fragment of cancer cdlls will eat and 
thus destroy normal endothelial cells as well as other cells. 
Recently Fischer has shown that the cells of a fiTiirlran sar- 
emna can be kqpt growing in a tissue culture for a very long 
time by feeding them normal muscle of a chicken. As it is in¬ 
teresting to note, however, these same cancer cells under the 
proper conditions niay also stimulate normal cells to grow. 
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Cancer cdls undergoing degeneration in the tissue cultuie 
liberate a fluid which is a most active stimulus for Ttnmfml 
Salt solution extracts of cancer also stimulate cells to gro w 
when added to the medium of a tissue culture or injected into 
the body. Itisnotsurpiisingtherefore that one may see an ex¬ 
cessive growth of stroma and large dilated blood vessdb in cer¬ 
tain parts of malignant tumors. These vessdis a-nH tissues, 
however, are always eventually destroyed. Cancerous 
continue to grow because a sujE&cient mass of any cdls, once 
built, continues to destroy other cdls and its own drculhtion. 
Such a destruction of blood vessds leads to a degeneration of a 
part of the mass as it also forms conditions suitable for the ac¬ 
tive growth of other parts. 

Ih a recent unpublished study of the l3miph from 60 

cases of sarcoma and carcinoma I foimd that the glands, whidi 
receive fluid from the malignant tissue, had suffered hs^er- 
plasia. This h3^perplasia was often excessive. The endothelial 
cdls of the sinuses as wdl as the follid.es had grown excessivdy. 
The sinuses were dioked with these cells. This growth had 
continued tmtil the cancer cdls reached the gland. The glandu¬ 
lar tissue was then eaten up by the growing cancer cells (see 
also £wing,'* page 78). 

I have been imable to find that the isolated cancer cell is dif¬ 
ferent from a similarly isolated normal cdl whidi has remained 
for a short time in a fragment placed in the stagnant culture. 
The growth in cancer is not the resxilt of a primary diange in 
the cdl but the direct result of a crowding of the cdls together 
and a proper reduction of their blood supply. These crowded 
masses transform more energy than nei^boring tissues and 
their stroma. Growth ceases in most wounds because the blood 
vessds grow with the fibroblasts. In the ordinary wound the 
blood supply is never reduced nor the cellular constituents in¬ 
creased in such proportions that one may pr^ on the other 
without an eventual loss to itsdf. As is evident, however, only 
a slight - deviation in thia balance may lead to cancer. It is 
known that rja-ncftr may follow simple injury and that it fre¬ 
quently devdops in slriii suffering atrophy from a decrease in 
blood supply, and in scars. 
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Tn a further study of the effect of reducing the blood supjffy 
it was of interest to note that this dtiange alone will not cause 
in the normal adult skin. The qpithdUal cells of the 
adult Airi are not in numbers sufiSdent to grow independently 
when thdr blood supply alone is reduced. Ihe cdls will not 
grow from fragments of this tissue placed in the cultures. I 
have reduced the blood supply to the normal skin by exerting 
continuous pressure upon it. In every case atrophy and simple 
ulceration have been the results. Many of these ulcers have 
persisted for months but none of them has ever become can¬ 
cerous. If, on the other hand, I thickened these epithelial 
layers by first injecting a salt solution extract of an actively 
growing tissue into the skin, a few cancers have followed the 
application of the continuous pressure. 

Ih a more cdlular tissue a reduction in blood supply is ap¬ 
parently ample. I destn^ed the blood supply of fragments of 
mesendbyme of rat embryos. A few of these have developed 
into the most malignant sarcomata when transplanted into the 
subcutaneous tissue of a young rat. These vessels arc readily 
destreyed by treating the fragments for a time with an extract 
of an activdy growing tissue or by placing the fragments in a 
drop of plasma. Under these conditions the endothelial cells 
migrate apart and to the surface of the fragment. The vessels 
thus disappear. The same endothelial cells of fresh untreated 
fragments retain their arrangement when transplanted into the 
animal. These vessels connect with those of the host. 'Ihc 
circulation in these fragments is thus normally reiistablishcd. 
The fragments grow to form bmiign embryomata. In the same 
manner a cdUular pigmented mole becomes malignant often 
after slight injury. The mere destruction of its blood vessels is 
apparently ample to excite a malignant proliferation in it. 

As is evident from the above observations, such dispropor¬ 
tions between connective tissue cells and their blood must be 
easily produced in the cellular mesenchyme and connective 
tissue of embryos and young adults and difficultly produced in 
these cells in the adult. In later life it is not surprising, there¬ 
fore, that sarcomata are not common excepting as they may 
arise from the cdlular layers of the paciosteum and endosteum 
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while cardnoma is the pxevaleait disease of other regions of the 
body at this time. 

Thiersch and Kemah had noted an antagonism between cpi- 
and ccnmective tissue cdDs during development n-'nd in 
later life. They recognized that cancer may be nothing more 
than a break in the balance between these tissues. What th^ 
lacked to correlate this idea with other natural phenomena 
was a knowledge of the conditions which regulate the transfor¬ 
mation of energy in the cdl and control this balance. 

Previous work has shown that the energy for living things is 
derived directly or indirectly throu^ the osddation of organic 
substances. Schwann had noted the similarity of body cdJs to 
unicellular organisms and thou^t them capable of an inde¬ 
pendent existence. He thought they differed from the unicd- 
lular organisms in that th^ had learned to live together. Her¬ 
bert Spencer had pointed out the condition of specialization in 
these cells: how one had become adapted for defense, another 
for digesting food, another for movement, etc. Later workers 
have shown even a greater dependence of any group of these 
cdds on others for their metabolism. This is especially promi¬ 
nent in the studies of the glands of internal secretion. 

While it is true that such sj>ecia]ization has made these cdls 
whoUy dqpendent on the colony or the whole for their existence, 
there is no reason to h^eve that this specialization is the pri¬ 
mary cause of the colonial existence which th^ enjoy. It is 
more likdiy the result, as the careful studies of Hxiesch, Hert- 
wig, Wilson and others have shown. D^>endence and spe¬ 
cialization is the result of the overcrowding of a community and 
not the cause of the overcrowding. 

It has been our good fortune to find that the primary factor 
which forces these cells to live together is that th^ have no 
mea-Tia to retain and transform the energy liberated in their 
oxidation reaction when isolated in nature. To retain this 
energy they must be crowded together. Th^r have either never 
devdoped structure suitable for properly forming or retaining 
their primary oxidative product or products, the archusta^ or 
th^ have lost these structures. Whenever body cdls are iso¬ 
lated they soon become powerless to perform any of their acts 
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(Biuxotvs, 1913).^” These pximaxy oxidation products are ear- 
sential for all other reactions of their metabolism. 

In a study of these cells of man and higher animals I have 
found, therefore, a simplicity of structure whidb has allowed 
to separate certain parts of the mechanism which produces 
growth anri to find its energy is transmitted from the oxidation 
of certain food stibstances in the form of an extractible prod> 
uct or products, the archusia. This product acts according to 
its concentration.*'’ The body cdls become subjected to the 
whole only through the devdLopment of the circulation whidh 
either prevents the formation or continuously removes 
product from about the cdls. When these cells become sufifi- 
dentLy crowded together and their circulation properly reduced 
th^ may become independent growing systems which like a 
parasite are able to eat up or destroy the body. Thus it has 
been possible for the first time to give a plausible explanation 
of ranrftr and to define the stimulus for growth in wounds. 

C0NCI.USIONS 

X. Clean woimds may heal either by an early extension out¬ 
wards of an epithdU[al membrane and granulations from be¬ 
neath or by a gross moving together of their edges and a later 
cementing of these edges to the deeper structures and to each 
other by granulation tissue. 

a. In those parts of the body where the skin is firmly fixed to 
outside structures the former type of healing prevails. In 
other parts where the skin is fredy mobile, the latter type is 
seen. 

3. The stimulus for growth after injury is the destruction of 
blood vessds and the inflammatory slowing of the circulation. 

4. The reaction of growth in the wound is not one of purpose 
for healing. The amotmt of cellular proliferation is propor¬ 
tional only to the crowding of the cells and the stagnation of 
their environ]nmi.t. The cdls not only grow but also migrate 
activdy into the areas having a poor circulation. It is this 
tendency for cdls to migrate and grow in areas of reduced cir¬ 
culation or the stagnant areas of the open wound whidi leads 
to the closure and the overgrowths of the wound. 
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5. The closure is effected im>reiapidl7 at the surface because 
of the greater activily of the qpithdial cdls. This greater ac¬ 
tivity of these cells is rdlated to their bemg crowded together in 
a layer free from an intercdlular capfllaty net. 

6. The late contraction of the woimd which is of little im¬ 
portance in the simple wounds studied above but whi<di be¬ 
comes inqwrtant in granulating wounds is due to the atrophy 
of the overgrowth of the granulations. 

7. All evidence points to the fact that this late contraction 
is due to the activity of the epithelial c^s which continue to 
grow to the time of the completion of the healing process and 
draw their nutrition directly from this mass of granulation tis¬ 
sue. Densdly cdlular masses of any tissue having a stagnant 
environment may take the protoplasm or essential parts of it 
from other less densd.y crowded cells. 

8. The stimulus for growth in the wound is not different 
from that in cancer. Both are due to external conditions whidbi 
produce stagnation sufficient to allow either the formation or 
the accumulation of the normal oxidation product or products 
of the rrfls about them. In the healing woimd the primary 
changes are insufficient to prevent the return of a balance be> 
tween cdils and blood vessels. Cancer results when the pri¬ 
mary changes are such that there is an excessive overproduc¬ 
tion of one group of cells. This larger mass of cells can then 
pr^ on normal cdUs and destroy its own circulation about it. 
It thus not only leads to the destruction of large parts of itsdff 
but builds conditions suitable for the continuation of growth in 
other of its parts. 

9. Cancer may be caused by any substance or conditions 
which lead to the proper primary change in the arrangement of 
cells and blood vessds in the organism. 
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DESCRIPTION OF PLATE LXXVn 

Fig. 6. AieomaatnicrtaddraTODgof a fragment of the skin of a 15-day oM, 
cbick embryo m a layer pljunxia anmnig a coivac glass ia not 
abown. (a)Ist]ieqpithdial]iieml»aiiew]udrhasbeeD 8 txetdied 1 qra 
local ooatxactioDL of the dot. 

Fig. 7. A dxa^nng of a paper-clay model ot ooe dde of a cultaze of frog 
akin. The membiaxiLe of ^thelial cdla is ahonn stretched between 
the edge of the jdasma dot and the fragment. The nudd of the epl- 
tyip.iia.1 cells axe shown dark like in a stained preparation. 

Fig. 8 . (a) Camera ludda drawing of a battonhole cut in a fragment of 
skin from an x8-day old diick embryo. The qnthdial layer was cat 
away from <me side of the wound. ( 2 ) The same wound 30 hours 
later. The sharply outlined border of the batbmhole is the part 
covered by the epithdial cells. 
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Studies to determine the biological significance of the vit amin s. 

By MONTROSE T. BURROWS. 

{From the Research Laboratories of the Barnard Free Shin and 

Cancer Hospital, and tihe Department of Surgery, Wttshington 
University School of Medicine, St. Louis, Jlfi9«owrf.] 

Earlier authors have fully appreciated that conditions other 
than food and oxygen are necessary for an active growth of cells 
in the body. This fact is well exemplified in the work of Morgan^ 
on the regeneration of the legs of salamanders. Morgan noted 
that the legs of these animals regenerate as rapidly in starved as 
in well fed animals. 1 liave sought these other conditions by 
means of the tissue culture, and find they are a crowding of the 
cells and stagnation. Single isolated cells or small groups of cells 
will not grow in a drop of pla.snia. For these cells to grow they 
must l>e crowded with other cells to form a compact mass of con¬ 
siderable size, and I>e placed in a small amount of stagnant 
medium .so that the loss of soluble materials from the mass is 
reduced to a minimum. In the presence of oxygen the cells in 
such a mass begin to grow after a given latent i>eriod.” 

In analyzing these factors of cell crowding, stagnation, oxygen 
and latent period more carefully, 1 have further found that they 
signify that growth depends on the accumulation of a certain 
concentration of an oxydative product of these cells. This product 
can be readily extracted with salt solution, and when added in a 
certain concentration to a drop of plasma it will stimulate growth 


1 Morgan, T. H., Jour, Bmp. Zool., 1906, Ui, 457. 

*Buitowb, M. T., Trans. Coup. Am. Phya. and Surpaona, 1018, is, 77. 
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in isolated cells placed in the mixture. In lower cunceiitratioiis 
(Sa) it stimulates these cells to migrate and store proteins and 
fats. Only in certain high concent rati* ms (Sa) can the cells 
digest these proteins and fats anti grow. In all higher ctmceii- 
trations (S4) it leads to the digestitm of the protopUisni t»f the 
cells themselves. 1 have tiameti this snhstance t»r suhstatices the 
archusia, the driving snl>stance t*f the cell.*'* * It ct»rresi>«»ntls to 
the heat in the steam engine. It cannot accumttlate in any tissue 
having a rich and active Wt-Mid supply unless the hltHid has lieconte 
saturated with it from other scmrces. 

Through the csireful extraction «»f the various tissues of the 
body it has l)een ftmnd that the growth rate of tliese tissues cor¬ 
responds to the amount of archttsia ctmtuined within them. This 
concentration of the archusitt, it lieing a normal product t»f the 
oxydative reaction of the cells, can he increaseil hy crow«Iing the 
cells and reducing the circulation to them, ur it may Ik* inaintaiiied 
from outside sources. Cancer 1 have shttwii tt> Ik* nothing more 
than the result of a prinmry crowding of the cells together and a 
relative reduction in their blood supply. .’\s the cniwding and 
the stagnation reaches certain proportions, the nuiss actpiires the 
property of independent growth. 'Hiis mass continues tt> re¬ 
produce itself in that it preys upon atui <!estroys surrounding 
tissues and blood ve.ssels.* 

The active growth in the lH)ne marrow, nails, sex glands :tnd 
in wounds is maintained by the same comlititms of stagnation of 
circulation and cell crowding.^ 'I'hese factors are only less in 
degree than in cancer. In development the greatest growth is in 
early life. This growth wanes with the development of the 
blood vascular system and an active circulation. 'I'he embry¬ 
onic tissue of the 5 day old chick-embryo difTers from cancer 
only in that the mimlHjr of cclLs iwr unit capillary area is greater 
in cancer or the b1oo<l supply is less. To transform an embryonic 
or adult fragment to cancer, it is necessary to stimulate a growth 
of cells outside the blood ve.ssels (to increase the cells {xrr tmit 
capillary area), or reduce the ntiml)cr of capillaries in the frag¬ 
ment without disturbing the cells. Unchanged cnil>ryonic frag¬ 
ments when transplanted into a lio.st form lienign tumors; when 

» Bnmms, M. T., SoutK MeO, Jewr., 1924 , awU, 238 . 

* BoxTowa, M. T., Psoa Soo. Bxp. Bxox.. ams Msob., 1928 , sal, 94. 

« BnnowB, M. T., J, Jf«d. JBeMorefc, 1984 , aliv, 818 . 
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the cells in them are increased proportionally over Ae blood ves¬ 
sels, th^ become malignant tumors when transplanted to a host.* 

By these observations and others on coal tar/’ * etc., we have 
found the nature of the cancerous organization and the manner 
which it is brought into existence. How the normal fimction- 
mg organism is developed, and how it maintains its organization 
remained for solution. In comparing the amount of stagnation 
and cell crowding necessary for a growth of body cells, it was 
noticed that most tissues, even those of the foetus and the young 
child, are too richly supplied with blood for growth to intervene, 
unless their blood be supplied with growth stimulus from other 
sources. We have sought a source for this stimulus in the glands 
of internal secretion and in the food. Johnston and I* have 
studied by a new method the action of the ovary in this capacity. 
We have found that the Allen, Doisy hormone stimulates an 
active digestion of fat and an active growth of the subcutaneous 
connective tissue cells. Other authors have noted its action on the 
uterus, breasts and other sexual organs. 

Edwin Smith in his work on the production of tumors by the 
B. tumefticiens showed that this organism stimulates an active 
growth of cells in the plant. Recently Blumenthal, Auler and 
Meyer* have isolated a similar organism from human cancers, 
and reproduced cancers in plants and animals. The action of this 
organism on the animal cells is quite identical to the extracts of 
any actively growing tissue from the animal as noted above. It 
became of interest to see what might Ise the action of this organ¬ 
ism when fed to animals. Jorstad and I have fed two day old 
cultures of this organism as well as similar cultures of the B. 
campestris, an organism which produces a primary stimulation 
and then a <lcstruction of plant cells. Chamber^* while working 
here in the lalxiratory showed that the B. campestris destroys the 
plant cells through its ability to break up starch. This ability to 
split stardies does not develop early but late in the cultural life 
of the organism. 


• Burrows, M. T., J. Mo. State Med. Aeaoa., 1923, xx, 145. 

1 Jorstad, L. H., Pboo. Soo. Ezp. Biol, and Mxd., 1923, xxi, 67, 
a Presented 1924, Am. Soe. Sap. Path., Washington, D. C. 

• Blumenthal, Auler and ICeyer, Zeiteoh. fur Kreheforeeh., 1924, xxi, 387. 
” Article in Press. 
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For controls animals were feci: 

Potato Staroh . 

M gtt Albumin . 

MeCoUum Halt Misturo . 

Autoljraod Yeaat <Vegox*‘} 

ISUttOV 

In the experiment 20 cc. of a 2 clay <» 1«1 cnlturc of the or||;anism 
in a simple potato decoction were substitnecl for the yeast. In 
other experiments the bwtter was replaced hy crisco ttj determine 
if the organism replaces vitamin 1.1 (yeast), vitamin A, or lx>th. 

In the ac»x>mi)anying curve 1 , the results of one of these exiHir- 
iments are given, lloth liacteria act in a diet with Ixitter as 
active and normal growth stimuli. fJrowtlx fails when the Inttter 
is left out of the diet. These Istcteria replace vitamin II, but con¬ 
tain no noticeable amount of vitamin A." 

As is noticed therefore, these organisms when placed outside 
the vessels or intc;> the tissue, stimulate a densely celUilar and non- 
vascular or cancerous organisation. When transmitted inside the 
bl<x>d vessels where they act on the endothelial cells first they 
stimulate the growth of a normal vascular and functioning tissue. 

In other pai>ers on muscular cemtraction,” I have shown that 
function is the result of a {xdarization of the cell. I'his polariza¬ 
tion is induced by the growth of blcuid vessels and the rate of 
circulation. This increased blood supply inhibits growth and 
utilizes the same energy for function. It is possible, as the atvive 
experiments indicate, that the l)ody survives in that it has certain 
internally secreting glands adapted ti> lilierate stinndi and in prey¬ 
ing on lower growing anti non-functitming forms. If this l)e 
true the higher function in animals iniist lie purely the rcsidt t»f 
an evolutionary development. 'ITiese higher tyjies liave not only 
developed their vascular organization and functitui, Init survive 
because they can prey for a l)art of their life’s energy tm lower 
non-functioning forms, anti have glantls which lilierate archtisia 
into their circulating medium. 

By these observations it ha.s liecn possible to throw light not 
only on the nature of these formative mechanism of tlevelopment 
and the evolution of function in higher animals, hut alsti tin the 
biological significance of vitamins, and to give further prtMif that 
cancer is nothing more than the resitlt of an abnormal arrange- 

” SnppUed by Tbe yitamis Pood Go., ‘Wootdald, Maao. 

^ Borrtma, M. T., Am. J, fhyttoh, 1917>18, xlv, 856. 
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ment of cells. Normal development proceeds when a normal 
growth stimulus is transmitted through the blood stream where it 
acts to cause a primary development of blood vessels and second¬ 
ary development of the tissues. Cancer develops when the same 
stimulus is placed outside the blood vessels or into the tissues so 
that the cells grow to form a densely cellular and non-vasctdar 
tissue. We have shown that coal tar acts in the same capacity, 
not by stimulating cells to proliferate and thus to form the non- 
vascular and cellular tissue, but by attracting cells from a wide 





■ JtoitoljsBd. lir«iMQrs yeast 
Ujpiper llMB Jbutter te diet 
LeMr llaee orieeo eutatltuted tar tetter 


ter* 


Curve No. 1. Tho throe upper lines show the growth of rats fed on a diet 
eontaining butter and respectively JB. ampestrist jB. tumfifacienji and vegez. 
l%e two lower lines show the growth of rats on a diet containing J3. turns- 
facient and JB. eompestris respectively, but no butter. 
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SCIJEUTTIPIC PrOCBSDXNOS 


area of the tissue and collecting them in dense tnasses ainmt drops 
of it. Growth intervenes as these cellular maH.ses Income suffi¬ 
ciently large and stagnant. 
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T he problem that confronts the X-ray 
and radium therapist is not one of 
cancer prophylaxis, but the cure of 
the disease fully established. Many of 
the older writers had already concluded 
that cancer is not a disease in the sense that 
typhoid fever is a disease. It is not the 
result of a specific foreign parasite, but 
merely the result of some change, either in 
the cell or its environment. This idea is 
well exemplified in the work of Thiersch, 
Remak, Boll, Cohnheim, Rikbert, and 
othc^rs. Other authors in recent and older 
times Iiave taken the other view. This 
other vi<^w has been recently revived liy 
Edwin Smith, ()ehsn<*!r and Nuziim. Smith 
based his <!on(diision on lh<>t identity of a 
cancer-producing organism in ihe crown 
gall of ])lanls, lh<* //. inmcfarirns. Ochsner 
<lraws his eoiudiision from {\\c. fac.t that 
Nu/um has <hmionslraU*d bacteria in <'er- 
lain human eaii<'<M*s and has a|)parenlly 
exc^iUnl llie d<*v(do|)m(nil o tiu* dis(^as<^ by 
iiKxndaling iIkmii into animals. 

Against this parasilit* view of cancer 
comes the interesting ami n'ceiil work with 
coal tar. X-ray, ra<lium, ele. Whih^ this 
work has shown that eane(*r may he indn<M*d 
by any one; of a Ihm* of <‘onditions and 
suhstanees, sm^li as bacteria, coal tar, other 
li|)oi<l solv<mls, \-i ly, radium, ehronie. in- 
llammatioii, eong<m tal tumors and dedeets, 
it has not s own that the cambers, 
onc<^ indiK'tMl, are in any way <^oncrerned 
with any of th<'s<* eomlitions or suhstane<'s. 
It is loo lal<'! for the Irishman to dis(*ard his 
pip<t ari<'!r his r.i\\\v.{*v has d<w(dop<*d. Ooal 
tar is essemlial in devc'^loping (xial tar (can¬ 
cers, but tlu* eanei^rs, one<^ indmxMl, then 
proceed indcpendc^nlly of lh<^ tar. Many 
cancers thus induced Iiave been transplant¬ 
ed through many g<Mieralions of animals. 


These cancers have grown undisturbed long 
after the coal tar had entirely disappeared. 

The impelling forces of cancer, as seen 
in the light of these facts, are in the cell or 
the environment about the cell. The growth 
in cancer is not due to external agents, but 
to the relieving of the cell from the influ¬ 
ences of the body so that it may grow and 
divide independently- Cancer will become 
known, therefore, when those general con¬ 
ditions, which regulate growth and func¬ 
tion in body cells, become known. 

It thus became of interest to study the 
general conditions regulating the growth of 
body cells us they are seen in the tissue 
culture and to deduce, if possible, the rela¬ 
tion of llu^se conditions to the general con¬ 
ditions peculiar for the growth of cells in 
ihc body. The tlumries deduced by the? 
older writers, om^ may readily group into 
Iwo class<\s: one of i1h‘s(% of wliudi lb<^ Colm- 
luMin lb(M>ry is paramoiml, assumed the: 
('liange^ lo he primarily in the coW: ihc oilier 
vi(*w, (»r whi<‘h Hihl>4M‘t is om^ of llic ediief 
siipporlcrs, consideM't'd lh(^ change^ lo Ix^ in 
iIk' (Mivironmcnl ahoiil llu^ cedi. 

As liihlxM'l ede^arly |x>iiils e»ul, lheM'e^ is 
lie) (*vid(Micf^ dial ihe* cedis of the' maliire: 
eirganism have^ le>st ihedr peiwen* lo gre>w. 
'file* faei dial die»y grow re^aelily afle'i* in¬ 
jury rule's oiil lliis peissihilily. (fi'owlh and 
ruiieiioii are*! seuneiime'is de'leu'miiKMl largedy 
hy ihe* e'liviroiimeMil alxiiit ihc! ce'll. Whiles 
Uihlx'i'l and ihe^ sediool whicrh re>lle>weMl him 
failexl lo fiiiel ihe: naliire'! e>r ihe e'iivire>mtieMit 
suilahh’i feir an ac.livei inele^peMieleiit growdi 
eife'edls aiiel die impedling feirex^s feir growlli 
in die: we>uiiel, die: e:xpeme:nLs e>f the change 
be:ing jirimarily in the: exdl lost ground con- 
linuenjsly, as the various moqjhological 
peculiarities of the cancer cells were shown 
to be readily reproduced by producing the 
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proper euviroiinusnl xihoiit lujrnial cu‘lls. 
Among tlioHC iM5t!nliarili(\s ar«^ llii^ evU inc^lii- 
sions, llie staining i)rop(Tlios of the wlls, 
die shape of the <u?ns, tlanr arrangcMiieiit 
and peculiarities of tlivisioii, aial the for¬ 
mation of their ehroinosoni«\s. Again th<^ 
earlier writers, siu^h as l)ri<*seh, llofmeis- 
ter, Sachs and Delhiry, ha<l alrea<ly iioteil 
a definite n^lalion Ix'^tween growtii and the 
structure of tint whole organism and not 
one related to the I)ri<^s<^h’s work has 

also shown tliat the growth of the ceil in 
the normal organism may he influenei^il hy 
mechanical as well as c^hemiiuil (conditions 
in its environment. He found that wlu'ii 
the gastrula of the sea imchiii is <cul into 
two, the two halves do not grow at oiu.ee, 
but only afh^r each lialf has refornued into 
u perfcuct gastrula of one-half the size. This 
remolding is the result of u niovimumt of 
the cells. Gn>wlh does not take pla(*(^. until 
tliis remolding is comi>l(He. 

Bardeen and Morgan have shown that 
the growth of regenerating tissue do(m not 
depend on food and oxygim aIon(% Mor¬ 
gan finds the legs of salamandeirs ncg(nucrat(c 
as rapidly in starved as in w(dl-f(cd animals. 
The difTerence hrlw(ceii the two is that tluc 
starved animals suffer extreme (niKUciation 
from this growth, as w<c1l as from tin* lack 
of food. 

The nature of llu'se nionc suhth* factors 
or stimuli regulating and eontrolling growth 
has not he(m found. In my early studu*s 
with tlie tissue (uiltunc, I un(l(crtook this 
prohhmi. In these studies (1) (2) I noted 
that body cells will not grow uiuhcr all (con¬ 
ditions in a culture, wlucn blood plasma is 
ised as a medium. For lh(.\se (c<»lls to grow 

is necessary that they he (crowded tog<cth(n' 
a stagnant area of nuedium. Single (uclls 

ill not grow. Growth intervenccs only 
bout densely cellular and compact frag¬ 
ments placed in a small amount of medium. 
Growth may be inhibited by teasing these 
fragments apart and by placing them in a 
large amount of medium, which can more 
easily absorb and remove products formed 
them. 


Ihuh'i* thf*s(c (Conditions of stagnation and 
eniwding, it was furtluT lunhced that growth 
do(s not eoinitunuM^ at on(*e, hut always 
aft(*r a ]at(*nt pi*rio(i. This ial(*nt period is 
much shorter about fragnunits of an ucUlvdy 
growing tissii(\ such as tissiiics of (mibryos, j 
(cancm- and growing granulation tissuei ' 
than about iiorinai non-growing adult tissue. 
As the growth rat(* of any organ progres- 
siv(dy d(*(cr(*as(*s from early t(» latic life, so 
fragnu'tits of this (»rgan pla(*(^d in u culture 
show a progressively longer and longer 
latent picriod, lad'ore any activity is s(^enin 
their (ctdis. Tine eidls from a milliinetor 
thick fragUK^nt of a iiv«‘-(iay-old chick* 
(Mithryo will Ix^gin t(» inigrat(c as (*arly as 
one to two Inmrs after tine cuitur(*s are pre- 
{Nired. (rrowtii is w(*li ('staldisimd in these 
cells twelve t(> twenty-four hours later. No 
migration of cells is s(*(*n from similar 
fragm(*nts of a t('n-day-oId chn'k-cmihryo 
fragfin^nt bid'onc six to (d(*v(*ii hours, and 
growth rarely inl(*rvc*ncs Ixdore twe^nty-four 
to forty-eight hours. About fragm(*iils of 
a fift(‘en-day-oI(l chick-embryo heart, migra- 
thm Ix^gins after twelve to twenty-four 
hours (.'t). (b'owth may int(*rv(*nc afu^r ■ 
forty-<dghl to niniMy-six hours, but it may 
fail (entirely unless these older fragineiits 
an* traiisplant(*d to ih*w dn»ps of plasma 
every lweiily-f<»ur hours fer llire«* to several 
tim(*s. 

This iK'cessity of slagiiatioii and e(*Il- 
erowding for growth iiidx'ates thal this 
pr(K*(*ss must depiMid on the aeeumulalion 
of some products in thi* tissu<* fragments. 
The lat(*nt p(*riod shows again that this 
must lx* true and that this product or prod¬ 
ucts must be fonn(*d by the e«*lls. 

To prove tixe (*xist(*ne(* of such a sub- 
staixv, I (*xtra(ct(cd, iinin<*diat(*ly aft«*r tlucy 
were n*mov(*d from the ImmIv, many frag- 
iiiients of normal non-growing adult tissue, 
the sIow(*r growing tissmes of ohhrr em¬ 
bryos and tin* aetiv(*Iy growing tissims of 
young embryos and (caixcer. Small frag- 
mmits of these same tis.su(*s w(cnii also placed 
in stagnant hanging dn>ps of plasma, where 
they were amply supplitxl with oxygen, to 
othc^rwise frixxl from any effect of the ci^ 



Gulating blood of the body. After several 
hours or days these fragments were re¬ 
moved and extracted in the same manner 
as the fresh tissues had been extracted. 
The extracts of all of these tissues were 
made by grinding in a mortar, equal weights 
of tissue with an equal wei^t of isotonic 
salt solution. The dear supernatant fluid 
was then added in equal parts to plasma 
and used for medium. Carefully washed 
isolated embryonic cdls were used for test¬ 
ing. These isolated cdls will not grow in 
pure plasma or plasma diluted with isotonic 
salt solution. In the presence of the ex¬ 
tracts of growing tissues from the body, 
such as the tissues of young embryos, cancer 
and granulation tissue, these isolated cdls 
showed migration and, in many instances, 
active growth. No such effects were ob¬ 
tained from the extracts of the tissue of 
older embryos and adults, when the extrac¬ 
tion was made as soon as the tissue was 
removed from the body. On the other hand, 
if these same fragments of adult tissue are 
left in a stagnant drop of plasma, which is 
supplied with oxygen, they develop this sub- 
staiK^e in thc^ course of one to six days, de¬ 
pending on their age. 

In a furlhcu' analysis, I attempted to see, 
then, liow this siihsLance is formed l)y the 
e(dls ill lh(i stagnant eiiUures, whether the 
actual <|iiantity of it present in the tissues 
varies tlu; reaelion of the c(dls and is im¬ 
portant ill <l(^t<n'iiiiiiiiig die growth reaction 
and (li) wln'lln^r it might Ix^ washed away 
from ac^tively growing <^ells liy the circu¬ 
lating hlood ill di(^ body. It lias lieen seen 
that many fragiiimils do not contain the 
sliinidus wIkmi r<™ov(Ml from the liody. 
Thciy d<;v(do|) it afu^r they are taken away 
from dunr normal circulation and placed 
in the stagnant culture in contact with the 
same Idood jdasma which had previously 
bathed them in the organism. 

In studying the formation of this sub¬ 
stance in fragments of tissue in the culture, 
it was noted that it failed to accumulate, 
except in the fragments well supplied with 
oxygen, and the amount formed is directly 
proportional to the number of cells per unit 


area in the fragment, and the amount of 
oxygen consumed. In the fragments of 
older tissues, which contained no noticeable 
amount when extracted in the fresh, it took 
more oxygen to accumulate a measurable 
amount of this stimulus than in the younger 
fragments which already contained a lim¬ 
ited amount (4). 

From these observations, it became evi¬ 
dent that this stimulus is a product of the 
cell’s oxydations. In further experiments, 
I attempted to see if oxygen is necessary 
for the other reaction of the growth of these 
cells. In these experiments it was found 
that growth will proceed in the absence 
of oxygen as long as the stimulus is pres¬ 
ent (4). Oxygen, as it became evident, 
acts only in producing the stimulus. This 
led me, therefore, to look at this stimulat¬ 
ing substance as something comparable to 
the heat of the steam engine and to name 
it the archusia or driving substance of the 
cell. It was evidently the accelerator of 
all reaction of the cell (5). 

Further quantitative studies of extracts 
of young embryonic tissue and cancers, 
which contained large quantities of the 
archusia (S) showed that low dilutions (S^) 
of it have no effect on isolated cells. In 
slightly greater concentrations (Sa) it acts 
to stimulate the c<dls to migrate into fixed 
proteins and fats and to take up moliilo 
particles of protein and fat from tlu^ me¬ 
dium, and store them. In still higln^r con¬ 
centrations (S;j) th(^ cell digests llu; ])rol(‘in 
and fats and grows and divides. In all 
higher (xmccMitrations (Si) the c-ells them¬ 
selves are digested (6). 

Ill many cultures, I fonuxl a stnumi of 
serum, 1 part, and isotonic Na(]l solution, 
1 part, over and through the medium about 
actively growing cells. The diluted serum 
was passed along the fdiers of a cotton wick, 
laid in the medium. When the serum is 
passing, growth is inhibited. When it is 
stopped, growth intervenes (7). 

The effects of such an accumulation of 
products of the cell and its necessity for 
growth are easily shown in cultures where 
two fragments of any tissue are placed close 



tugcthur. Ill llio inltirval ImjIwih’h lw«i sunli 
fragments, subsUuictts coming from both 
fragments acciimiilalo in greater eonecMitra- 
tion lietwctni the fragments llian alsnit other 
parts of the periphery of either fragment. 
Figure 1 is a photograph of two ■J4 



Kig. 1 . A iiliologriipli 4if n Miinpln hanging drop rtil- 
tiint of iwo frnginonlH of iho oyohnll of aii <‘lov<*n-(lny>old 
chiok-iMiiliryo, Hliowiiig groapT growth at (ho iiitorval ho* 
twocn thu fnigiiioniH thuti olaowhoro. 

thi(;k fragiiKMils of of a chirk- 

enihryo plup.ocl % nun. from <*a<*h ollu^r. 
Note the uclive aiul gnuiltu’ growth of cells 
ill the inU'irval iIk; fragnuMils. 

It heeaiiu'! evidiMil in iht^ light of lh<*se 
facts lliaL a growth of cells in th<* hotly may 
he due to two fat^tors; tht^ passage to tlumi 
of the growth-stimulating suhstanet* from 
other sound's, nr to a crowding of the cells 
togt'lher and a re^diK^tion in th<^ hlood sup¬ 
ply to ihc mass, liy llu^ 1alt<*r nurhanhud 
changes they wm-t* ahh^ to tMthm* induce the 
formation or aeeunudatt^ this growth-stimn- 
luting suhstaiU'C! in and ahoiil tiHMnse1v(\^. 

It thus hee^anu^ of inlen^st to s(m^ if all 
aelivtdy growing tissiu's of llit* hotly hatl 
this particular tirganization. It is a wtdl 
knt)wn fata that the nails, hair and htmt; 
marrtiw have an intlt^pentlcnt growth in llie 
organism. The most ataivo imrmal growth 
is in the t^urliost periods of emhrytmie life. 
This ataive intlt^pendent growth wanes us 
the Idotxl vessels develtip and the (!e11s be¬ 
come s(%])arat(^d. Daring the very activt: 
growth of the liver its circulation is through 
large sinusoids and is sluggish. I have 


ftniiul that the circulation at the outer end 
t>r the nail bed is reduced It) a single layer 
t)f large sinusoids, whitdi are; filled by ves¬ 
sels of much smaller caliber. The bone 
inarrtiw eireiilation is alst) siiiustiitlal and 
sluggish. Caneciroiis tissiu^ is ehuraett^rissed 
hy ixMiig flensely cellular. Ib>ll, many years 
agt>, imttxl th<^ peculiar, iiTt'jgular, dis- 
Itirltxl and partly tietrlnthxl bltxxl vessels 
in many trantxu's. Tlx^ t^apiilarit's are few 
in prtiptulion to tht^ cells in all tuuie.ers. In 
oihvr cTuiitrcTs the liltxxl vt^sstds art^ large 
am! the tdrtmlalioii is sluggish. In all can¬ 
cers hitxxi vt'sstds are btdng tit^strtiyed at 
all timt^s ill tlx^ intirf! ertiwth^tl rcigitms. In 
iht^ wtiuiiti, as I nott'tl in a n^tit^nt papt^r, the 
gniwth t>f txdls is not ndattxl to the deftxa, 
but to th<^ an^as whitdi are sidleriiig from a 
reduction in tlxdr eireulatioii eillxT through 
a pnwious destruction of their bhxxl v<\sse]s 
or an inflammatory slowing of their circu¬ 
lation (8). 

In the studi<*s on wound Inhaling (8), I 
also noted that any densi^ stagnant mass of 
cells in a tissue not only grow, hut they 
prey on mdghboring tissues and hlood 
vessels, 'fhi'y reduce lh«‘se less crowded 
iieighhoriiig tissm^s to a hyaliiu' mass. Such 
a dens(» mass of Cecils, as is found in eaixrt^r, 
may thus eontiniie to reproduce ilstdf and 
grow indefmilcdy. It destroys the normal 
bhxxl supply and tissm^s alx^id (»f it and 
grows eontimioiisly to form a d(Mise mass 
of cells which degenerates in its etMitral 
port ions. 

In tlx* (*xp(*riments with human and ani¬ 
mal ean<M*rs then* has ix*en no (*videnee to 
siiow that lln^ eane(*r e(*IIs are dillVn'iit in 
th<*ir re(|uin*m<*nts for growth than tlx* nor¬ 
mal cells. Singh* cancer cells crannot grow 
in plasma. The growth of these cells de¬ 
mands thci sanx* crowding as the growth of 
normal e(^lls- Tlx* cancerous tissues dilfer 
from the normal <x*lls in that the fresh 
t^xlracaives an^ somewhat mon^ toxic than 
those of e(|iially a<aive growing <*mhryoiiic 
tissues. In the:: cultures normal cells de¬ 
generate after an active ptTiod of growth. 
This degeneration comes on more <iulck" 


ly in cultures of cancer. This is in 
proportion to the original greater crowd¬ 
ing of the cdils in the cancer. 'Whetlier 
it may he related also to other factors in 
the environment of the adult where cancer 



Fig. 2. A pliotogrupli of u nil having u sarcoma pro- 
diiml by ulLoriiig ilut urrungciiHMit <if oolls in a frng- 
moiit <»r iioriiiul (‘iiiliryoiiio lissim truiiHiiIuntod bcncutli 
ilH skin. 

exists, I do not know. It is [lossildo that 
l)oth these ra(!lors i)lay a rol<‘. 

From lh<*se ohservatioiis it h(u*ame evi¬ 
dent lh<n*<d'ore that eane.er may Ix^ nothing 
mon^ than llu* rcisidt of any <x)ndilion or 
suhslanee whieh may primarily nMliiee the 
eireidalion to a eellular tissue^ or hiiild a 
hx^al <hMis(^ mass of rtdis., wlii<*h has a low- 
enxl (dnadation. To |)rov<* this idea, it 
heirame of intmi^sl to six* if <*an(x*r may 
h(^ prodiKMMi hy sut^ii |)roe<Mlnn*s. In llie 
tissue^ eultiin* the <'<dls of <‘(*lliilar tissm^ 
fragiiKMit <lis|)erse into the nuMlium. Fn^- 
viously rorimxl striK^liin^s may Ix' thus n^it 
asundm*. Hhxxl vessels are: <|<*stroy(^d hy 
thfur (Mxlothfdial (xdls moving a|)art. Th<; 
arriitisia (‘xtraetixl from a<^tiv(^ly growing 
tissii<\s also stimulali's lh<^ e(^lls to grow in 
tlu\se fragiiKMits. Tlu^se: e<*lls do not grow 
to form normal strixiure—they grow to 
form dens<^ mass(^s. Stru<!ture:s siieh as the 
hhxxl v(\ss<ds, <*])ith<'!lial tubes, <^te., are lost 
in this proliferation. Fragments of fifteen- 
and sixteen-day embryos were treated, there¬ 
fore, for twenty minutes with a Berkefeldt 


filtrate of an actively growing sarcoma and 
injected with the filtrate under the skin of 
adult rats. In 91 per cent of the animals 
the tissues of the fifteen-day-old rat em¬ 
bryos failed to grow to any extent. The 



Fig. 3. A phoLograpli of a section of a rarcinomatnus 
ulcer developing after four months of continiious low 
pressure on an area of skin of an adult rat, which had 
hern injected at the beginning of the experiment with 
I c.e. of a Herkefeldt filtrate of a Jensen rat sarcoma. 


hhxxl vesseds luid hecsn completely destroyed 
ill lh<^s(5 fragments. In 9 per cent, the 
growth was gnuitly stimiilatcHl and a sar¬ 
coma developed in one of thes(\ This was 
a very malignant tumor. It was trans- 
plaiUetl through nine gemn-alions of rats and 
provtxl falal in over 95 p(‘r of the 
cast's. Tlu'st^ fragimmts had sullcnx only 
a (letu'casc m icir bhxxl vessc'ils. Sixitxai 
pt'r tx'iU of lh(^ tissiH's of lh<^ sixlctMi-day- 
ohl rat ('inbryos wt'n^ stimulattxl ami one 
sartMuna of the: same: kind as the former 
dt'veioptxl (Fig. 2). In the ollit'r rats the tis¬ 
sue's of llu^ sixl<M'U-day-old embryos failed 
to grow in llx^ pn'st'iiet^ of this high e.oixxm- 
Iratioii of archusia. In ollu'r expcuimeiils, 
I Iritxl thr: cilftxa of a (xmlinuous reduction 
in hhxxl supply to the normal skin hy 
applying a (xmtinuous pressure. Atrophy 
ami simple iilecTatioii alone resulted. Fifty 
simph^ ulc'.ers thus produced remained as 
long as six months to a year and a half, 
without showing any malignancy. In a 
third group of animals, I injected extracts 
of thirteen-day rat embryos or a Berkefeldt 
filtrate of a Jensen sarcoma into the skin 


before applying llie pressure. In these 
cases the cells of the epidermis aiul gland 
suffered hyperplasia- Tli<^ atrophy and 
ulceration, wliich followed the action of the 
pressure in the previous cases, were either 
ffreatly dcdaycd or carcinomata developed 
(9) (Fig. 3). 

Having thus established l)y direct experi¬ 
ments that cancer may be the result of these 
simple changers in organization, it b(H:^amc 
of interest to see how coal tar, other lipoid 
solvents, bacteria and other agents pnxiiute 
tliis disease. 

THE ACTION OF COAL TAK AND OTIIKK 
LIPOID SOLVENTS 

In a study of cellular migration, it was 
of interest to notice that l)ody cells arc not 
possessed of any complex means of pn)- 
pelling themselves, such as the walking of 
man, the ciliary movements of many bac¬ 
teria and the paramecin. They move by 
liberating a surface-tcmsion-lowering sub¬ 
stance. This sul)stancc is ])C(ailiar in that 
it fails to decrease the surface tension of 
water, but is spwifically absorlxMl only by 
the primary food coiistilu(*iits of the cell, 
proteins and fats and suhslaiuu's hav¬ 
ing like ailinitics (5). A cc^ll lihcraling 
this substance into a iiKMlium draws the 
mobile proteins and fats to it. It is drawn 
into fixed massi'is of ])roleins and toward 
larger masses of fat, which have a greater 
inertia than the ccill. It be<!ain(; <;vident, 
therefore, that coal tar may arX to build a 
dense mass of cells capable of <uuie<^rous 
growtli through its ability to draw <^ells to 
it away from their blood vessc^ls and inter¬ 
cellular substances. Such a dens<^ mass of 
cells must sooner or laUu* a<r(|uin^ tin* prop¬ 
erly of growth and increas<; in mass. 

Jorslad (10), working in the laboratory, 
has studied the effect of coal tar in the tis- 
su<^ He finds it acts alone in this capacity. 
Drops of coal tar collect the cells from the 
surrounding tissue. They absorb and be¬ 
come saturated with the surface-tension¬ 
lowering substance of these cells. They do 
not stimulate the cells to grow. Growth 
intervenes when the mass of cells about the 


drop of tar reaches a certain density. Such 
a muss of cells can he acxsumulated by the 
tur only when it is placed in a cellular tis¬ 
sue. In a less cellular tissue, as the normal 
subcutaneous connective tissue of adult 
rats, loo few cells are collecitcd often for 
growth to intervene. Tliese few cells not 
only fail to show growth, but shrivel as 
their lipoiil soluble substances arc lost to 
the tar. 

THE ACTION OF UACTEKIA AND THE NORMAL 
STIMULUS FOR LIFE IN THE IIODY 

A(*,eording to the formulation prcitsented 
by the above observations, growth is de¬ 
pendent on lh<5 presenee of a c^ertain con- 
c^enlration of a growth stimulus about the 
efdls. This growth stimulus is formed by 
th<% cells normally wluui they are crowded 
log<‘lher in a stagnant environment and sup¬ 
plied with oxygen. I have shown that this 
is trur? for the <!<dls in the body as well as 
in th<^ cultures. In the luilliires it has been 
noticed that this stagnation must be exces¬ 
sive for growth to inlm'vem^. It must be 
nion^ exeessiv(5 than llu^ stagnation which 
exists al>out the in most parts of the 

young child. This sugg(‘sls that special 
means are necessary for supplying lliis sub¬ 
stance to tluf (^dls of lh(‘ child in onler that 
it may grow. From tin* study of the mitri- 
tiou of <diil<lr(Mi, it has Ix^cii sliowii that cer¬ 
tain siihslanccs, asich'; from protcdiis, fats 
and <':arl)ohy<lralcs, an^ essential for growth. 
These oth(‘r essential substances an^ lla^ 
vilamiiK^s. Two important vitamines are 
d(\signated as A and II. A is fat-soluhle, 
li is walcu'-sobibh'. It lias been shown alM)V^^ 
that the (r(dls migrate by lilxM'ating a fal- 
solubh^ subslanee. (^>al lar absorbs tliis 
substance in drawing lh«^ irells to it. The 
e<dls suffer by the loss of this substances to 
any more than very small quanliliess of tar 
injected subcutaneously. I^irgesr cpiantities 
of tar lead always to the emaciation and 
deatli of the animals. Noting the relation 
between the growth stimulus, the archusia 
and vitamine B and this fat-soluble sub¬ 
stance of the cell and vitamine A, it became 
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of interest to see what rdation they may 
have to each other. 

Jorstad investigated then the toxicity of 
coal tar and the relation of vitamine A in 
counteracting it. He finds the toxicity of 
the tar is readily counteracted by feeding 
butter-fat and cod liver oil. These sub¬ 
stances contain vitamine A. 

Bacteria, as it is known from the work of 
Edwin Smith (11), must induce the can¬ 
cerous formation in plants not through 
drawing the cell to them, but throu^ induc¬ 
ing an active local growth of a few cells. 
They produce thus the same cancerous 
organization, not by collecting cells as the 
drops of coal tar produce it, but by stimu¬ 
lating the growth of a few cells. We have 
investigated these organisms in relation to 
vitamine B and find them to be readily 
substituted in the diet of animals for vita¬ 
mine B, but not for vitamine A. When fed 
tlicy allow and stimulate the growth of the 
animal. When injected locally they stimu¬ 
late the growth of the cells about them and 
produce a eancemms organization. 

Function, we have found in the study of 
heart musude cells, is tlu; result of polariz¬ 
ing the cells. This polarization is brought 
about by lint growth of blood vesstds be¬ 
tween llnun. This growth of vess<ds binders 
and prevents growth. Kuii<;tion is soine- 
tbing wliicb lias develojied at tlie <‘xpense 
of the growth nii'clianisin in the e<di. The 
body is able to grow only as it is able to 
ae(|uiro a part, at buist, of its growth-stinni- 
lating subslaiK^cs from otlier growing plants 
and animals. Our high fimetional stale, us 
is <ivi<l(Mit, tben^fore, has be<m made pos- 
siide only tbrougb an iwoliitionary develop¬ 
ment. Higher forms of aniinul life exist 
as such only us tlu^y luni aeipiire, in part, 
at least, the life (Miergy from lower growing 
and non-functioning forms. 

We have also sought a sounse for this 
stimulus in other parts of the body. It is 
well known that the glands of internal secre¬ 
tion play a definite role in promoting 
growth. The hypophysis acts in this capac¬ 
ity on the skeleton. The sex glands liberate 
substances which act on the general metab¬ 


olism of the organism. It thus became of 
interest to study directly the effect of the 
secretion of these organs on the growth 
of cells in general. Recently, Allen and 
Doisy (12) isolated the active hormone of 
the ovaries. Johnston and the writer (13) 
have been studying the action of this hor¬ 
mone by a newly devised method. Inert fats, 
such as mazola or com oil, have been in¬ 
jected into the subcutaneous tissue of rats. 
Droplets of these fats remain in the tissues 
for a long time, becoming encapsulated by 
a collar of fibroblasts, much as coal tar 
becomes encapsulated. In other experi¬ 
ments, ovarian hormone was added to the 
fat. The connective tissue cells invaded 
the oil, which contained the hormone, grew 
most actively and consumed it. These cells 
digested this fat, as the cells of the culture 
digest the fat, either after they have accu¬ 
mulated the arckusia about them, or it 
has been added to the medium. These lat¬ 
ter facts have a significance not only in 
showing directly why the woman accumu¬ 
lates fat at her menopause, but for explain¬ 
ing the development of cancer at this period. 
It is a well known fact that if one bud of a 
limb be stimulated, the others atrophy. 
Cancer, as I have described it, is a normal 
growth of cells, which becomes abnormal 
only beeausi; of its location, its eventual 
fbiislruclion of its own circulation and the 
associated necrosis and its abnormal fer- 
inenlalive pnxtesses. In an actively sliinu- 
laUnl orgunism such growth must jiroceixl 
with diiUciilly. For llie c.uiuxir to grow it 
iniisl prodiici; a gnxU ainoiinl of energy in 
ordc:r to overconu^ the normal resistance of 
the tissues about it. It is tbereforo appur- 
(uilly not unusual lliat (uuiccr should be a 
disease of the aged. It must be much more 
easily produced at the period of decline or 
wluMi growth energy is much lessened in 
the l)ody as a whole. 

CONCLUSION 

No attempt has been made as yet to inves¬ 
tigate the action of X-ray and radium. It 
has long been known that these rays may 
not only cure cancer, but induce its forma- 



tion. Il lias boon shown above lhat the 
saim^ slagnalion aial e<4Un-ow(liiig which 
loads lo growth will in a gn^aUn- (h^grec^ lead 
to tlio clestriiction of th<i cells. WolhacJi 
(14), sovcu'al years ago, showed lhat the 
rays of X-ray act on I he blood vessels to 
destroy llicnn as siadi. lleiuMitly Sl<'!enbo<ik 
and Itlack (1«5) hav(% shown that the rays 
from a (|uarbc namiury lamp will liberate 
growth-promoting substances in liver and 
museh^ of rats. 

As I liave just stated, we have not sliulied 
as yet the action of the rays of radium and 
X-ray. The obj<M;t of this n^port has been 
to bring facts befon^ you which may ad<I 
materially in making such analysis and 
whicli I feel show quite <Iefmitely that 
cancer is not a disease in the s<mse of the 
infectious diseases, but that it is the normal 
reaction of liody cells in a particular <m- 
vironinent. It is to be classed, tlicrefore, 
with gangrene and atrophy. Gangrene 
became, understood wlnni the ncicc^ssily of 
oxygen hc^nime understood. Gangrcme re¬ 
sults from any coiulilion whi<di stops the 
flow of hlood to a part. (]anc<^r comes into 
existen<‘.e when th(^ normal arranginncnt of 
cells and hlood vessels is disturlK'td., so that 
the <*e1ls hc^eoiiK^ siiincdc'iilly (n'<iwd<Ml in an 
ania of reduced circulation, c^ondi- 

tions lcn<l, in tlu^ pn*s(Mic(^ of oxygini, to the 
formation or tlu^ ac^mmulation of an ac'tivc 
growth-stimulating sul)stan<M\ Th<* <w(mlual 
cure and prevention of this condition will 
he mad(\ tlKM'efons throiigli the* use of ^piati- 
tilalive changes in the whole an<l not 
<|iialitativ<^ ones. Tluwe iHMM'ssary <diaiiges 
will beeonn^ known through tlu'; mon^ exact 
|knowledge of those subslantres and rondi- 
tions.» known to he ahb^ to prodiUM- aii<l also 
deistroy chancer, such as X-ray, radium, <‘t<*. 
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DI.SCII.SSION 

1)k. Kdwin G. Kbnst (Si. I,etiis): This 
int(U3^sting nt^wt'r phase and lint* of atlac^k 
upon the? eaiB^T problem tHU'tainly nuu-ils a 
most critical and careful consideration. I 
wish to .slat(^ at this lim<* that I am graltdal 
to Dr. Marrows for having had the oppor¬ 
tunity of working with him at the Marnard 
Khm* Skin and (!an(*cr Hospital, an<l luMiig 
thus, hy (M>-operalion, Iik(*wis<* allowt^d tin* 
privib'gt^ of h<*l|>ing to aiialy/.c or (*stahlish 
fatds as to the tdlVcts of \-ray and radium 
ratlialions ii|)on body stnicliir<*s, and thtur 
relation to n^aclions, beginning with ibt^ 
very first normal lissm* changes and extead- 
ing lo th(‘ pm'iotl wIhmi dcdinilt* eanet'r has 
Imm'II (^slahlisland. 

TIu* probbuns ('onfronling us ar<^ many, 
alllioiigb soim* of th(*s(» investigations are 
comparatively simple b<3*anse the? bio-tdieni- 
leal, normal and pathologitral foundations 
or groundwork have? hem .so eandully and 
interestingly de?ve?loped and dese:ribe?tl Iutc 
l)y Dr. Burrows. N(*verthe?le.ss, we realize 
the difficulties confronting us in attcMnpting 
to further develop and more thoroughly 
understand the theoretical considerations as 
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they have been presented, especially the pos- beneficial or harmful to either the normal 
sible relationship of the various types of or abnormal pathological cell groups, 
radiant energy to normal and pathological Therefore, we made every effort to stand¬ 
cell changes, both from the scientific lab- ardize the introduction of radiant energy of 
oratory and the clinical standpoints. The X-ray into the deeper tissues of the body 
probable actual dose rdationship of the hu- and adopted technical methods applicable 
man and animal cdl phenomena is the sec- to the hi^er, medium or the lower voltages 
ond great problem which confronts us and of our machines for both the human and the 
has been the most difficult stumbling block animal experimentation, which methods of 
and barrier between animal experimenta- measurement are, we believe, and in fact 
tion in cancer research and the human din- have found them to be, a practical means of 
ical phenomena. This wall or barrier is duplication of the respective higher or lower 
frequently longer and higher than the old voltages of X-ray energy within minimum 
Chinese wall, in fact so much so that sue- limits of error in dosage, thus controlling 
cessful animal experimentations are at times the radiant energy absorption, 
completely isolated and thus are foimd to There is nothing new or original about 
be of no practical value. Human and an- the method which I hope I may find suffi- 
imal tissue actions or reactions to cell stimu- cient time to describe before this body. The 
lation are frequently at variance and do not mechanical and physical features have been 
check. The definite actions or reactions of simplified rather tihan complicated, never- 
thc cells in the one cannot be duplicated in theless they are similar to the usual methods 
the other. of measurement adopted by the trained 

The experimetiLal plienomena described physicists. I present them to you as in- 
and discuHs<Ml her<^ certainly apjiear to bo stalled at the Barnard Free Skin and Cancer 
fundanK^nlal. Cedi growth actions and reac- Hospital, and thus far they have proven to 
lions follow normal and |)alhologicul irrila- be very practical—almost foolproof—^yet 
lions and slimiilations witli a iiiiirorinity that admiralty efficient in every way. 
certainly siiggc'sts ihc probability of an As stated aliovc, the energy can be accu- 
unusiially <dos<^ relalionsliip Ih^Iwcoii the raUdy duplicated from day to day and from 
two, a1 though llion^ will always certain month to month. 

fiindanKMilal din’<*nui<^<*s. We all realize afltn- what has Iw^en sUitod 

Normal pluMioiiKMia of human aiul animal at this meeting that in order to inUdligenlly 
experinuMilalions ihroughoiil the early report our results, tiu; amount and quality 
stagers an^ mm-idy a matl<*r of normal and of X-ray administenMl must in every case 
abnormal eidl arrang<Mn<Mits or ilisarrange- be capable of dii|)li(^ation, and they must be 
ment. inlelligi’iiitly understood by luich aiul every 

Thci findings c.mMainly warrant the as- radiologist. Most im|)orlant of all is it that 
sumption that tluM'f* is a din^a and indirect the dosage should be both accurate and 
(dfcMa upon tlu^ intra-aiid <'xtra(Mdlular (luid possible to duplicate. We all realize that 
constitiumts of tin* tissue's iindeM* th<^ infill- variations in doses must of necessity pro- 
once of speci(i<^ (piantitii^s of absorbed ducc^ different physiological and biological 
X-ray or radium (‘neirgy. Our great ])rob- i^fFecls. 

lem, lh<‘r<don% may proven to b(^ simply one Conditions beyond our control do change 
of applying a (|uantity of radiant energy the radiation output of our transformers, 
sufficient to control these complex sub- i)erhaps without our knowledge or that of 
stances. Suidi changes apparently did bear our assistants. Any method of operation is 
a direct relationship to the cell and its sur- valueless unless repeated checks or controls 
rounding structures whenever the fluid con- can be employed, so that the X-ray energy 
centrations were either increased or de- output will not only be uniform from hour 
creased, and thus were found to be either to hour, but also from year to year. 
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Pcrwiiially, I luive foiiiul anti coiilinue lo 
find it necessary to repeatedly eliminate 
mechanical and physical sources of error in 
our installation, since the ordinary sphere 
gap measurements, milliainpere readings, 
etc., are indeed very limited by themselves 
in their respective valuations in relation to 
the changes in the output of our machine, 
in the hands of the onlinary radiologist 
or assistants employed. HowtJver, we 
should always take into consideration 
the fact that the sphere gap voltage fac¬ 
tors, milliampere readings, etc., are not 
suiEciently accurate by themselves, but that, 
in addition, the direct output of radiant 
energy should also he checked. Ionisation 
metliods, controlled by known and definite 
amounts of radium or other supplementary 


methods or system of measurements, should 
be employed as a check so that the quantita¬ 
tive tissue absorption cun at least be ap¬ 
proximately measured. 

The water-cooled lube demands still 
greater accuracy as lo dosages, and added 
prcKsautionary measures must necessarily be 
instituted because of the greater volume of 
X-ray tmergy employed within a shorter 
period of time. 

In conclusion, therefore, I wish to empha¬ 
size the very important essesntial requisite 
of correc^t dosage readings of <|uuntity and 
(|uality in both our animal and human ex¬ 
perimentations and practical X-ray and 
radium treatments, and the probable influ¬ 
ence of evem slight variations in dosage 
upon the phenomena of normal or abnormal 
tissue growths. 
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Die Bewegrong des Bpithels der BDemt. 

Vtm 

Montrose T. Burrows. 

Mil 5 Abhil<luiiK(!ii itii Text iiiid 'riifcl (i 7. 

l)i» AiuOlm sirh init- t>in<‘r uarcgcItiiiiUigi'ii S<’li\viiuiii- 

bawegiing ihrcH >Cyt.i)plasiitas. Sic strrrkr ans, mil. 

durun Ililfii uic hicIi an I'cHUt Slruktunni im Siibslnit hilngt. Drr 
(Ibrigc Tc.il dca ZyUiplsisiiiiis flicUt daiiu in dicsc Psi'udnptMticn 
hincin. Diiwc Itcwcgungt'ii srlicintMi uadi <li>r (tbcrcUistiiniiu'inlcn 
Mdnung ilcr nuMslcn Aiitcirt'ii :uis dcm Iniicrn ilcr Zidli* ihri'ii Ans 
gang 7 .\\ ndiiiicn. Die Aiiiiibc kann ilirc I*srii<l(ipoili«-n dtriisn in 
ciiu'.r KlUssigkeit- ausstivckcn, wit* wciiii sic an riii Siibslral gi-sd/.i. 
iHl.. l)i(su Hewegungon crl'nlgiMi in keiner gcradcn Luiii', suiulcrn 
ndinicn cinen univgdiniiiiigcn Kill's, bis isl. audi iiWiglidi, dab die 
Ainubc unlur guwisscn llinsU'lndcn sidi iliirdi K i'(lminiing des 
KOrpers gcgcii dn slarrcs Siibstrut rortbcAvcgcji kann. 

Ks isl /.war riditig, daU die itic.isU*.n ItcnbiU'Idcr s<'Ii<in scil. 
langcr Zdl angcnoninifii Iiabcn, dab KiVrpcr/.dlcn cine- iilinlidn' .Art 
b'ortbcw(‘.gung halxni wic die .Amiibc iiini dariini aiidi vcrniiitct 
habcii, daU die 'Zellen ein Kntoplasiiia, ein Kktitplasnia und aiii'li 
eino iluUuru Meinbran bcsitzeii, cs wurde. aber deiinneJi kein <Iir(‘k(-<‘r 
Beweis Kill' IFntci'HttttKung diescr Ansdiauiing erbradd. Wenn wir 
vicJlo vcrscliicdune. KUi'iierKclloii in dur (}ewebe.kult-ur bei>l»u'ht(‘.n, 
80 findon wir, 'dab dieso aus nichb viel niuhr bcslelie.ii als atis eint'iii 
eiiifaclien flttaaigen Protoplasma, in wcduheni o.in Nueleua sdiwiinuib. 
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au8 Ccntrosomata, aus Mitocliondrieii, aus Pett uud vielleicht aus 
audereu geformten Protemeu und Pettk(3rperclieii. Wie ich Bchon 
im Jaliru 1913 (1, 2) geaseigt JUabe, Bind auch ihre Bewegungeu 
kaum vurBcliiodeoL von deaen der AiDiObe uud wahracheinlich die 
Polgo oiueB viel cinfacheren Mechanismus. Gleick im Beginn meiner 
Arbeiteu mil Uewebekulturen babe ich achon bemerkt, die 

KOrpurzelleu Biuh dirckt herauabewegen und aich von dem Fragment 
dcB OewobuB cutl'ui'nen, daa in einem Trupl'en K.ulturmedium sich 
bel'indoL l>iuBu Bewoguug vollzieht sich entlang den DijEfusiona- 
iinien, die bei alien andurun ISubatanssen beobachtet werden, nkmlich 
vom PraguLunb in daa Medium oder von dem Medium in daa 
Pragmeut. Dio Portbewegung der Zellen findeb meistena ohne 
irguudeiuo aiuUboide Bowcguug abatt, im Gegenaabss zu dor Oftera 
auagcapixjcheneu Beliaupbung, dab Zcllbewegung immer mit amb- 
buider Bewoguug vorbuuden iat. Behr oft bewogen aich akbive, 
normal wachaoude Zoliou laugo Btrocken entlang, ohne die kleinatc 
VoiiLiidcrung in ihrer Koubur zu zoigon. Diese Zellen bewegen aich 
obonau wie anderc KUrper, die OborfLioheuBpaunungs-emiedrigunde 
Bubatanzcn frei werden laaaen. Woun Pfefferpulver an die Ober* 
fliiohe von Waaaor gcabreul wird, ao achnelion die elnzclnen Urauula 
voncinander, um gleidiaaiu an der WaaaeroberfUlche verbeilt 
zu wenlun. Diese Beweguug der Pfei'fergrauula lab die Polge 
dea h'reiwerdeiia einer (IberrUlcheuapaiiuunga-erniudrigonden Bub- 
abanz. Diese Bubsbauz hab einen beatimmben Biibtigungsgrad enb- 
aprerheud ihrer ijUalichkeib in Waaaer. Diese Granula bewegen 
aicJi viel schiieller an der Waaaeruberlliielie dea reineu Wasaers, 
als an der Oberl'lilclie einea aulchen Waaaera, daa schuu zuin Toil 
inib dieaer Oberl'laelienajiaununga-erniedrigenden Bubatanz gesiibligb 
war, und aie bewegen aicJi Uberhaiipb uieht an der Oberililelie dea 
Waaaera, wenn dieaea vurher giiuzlieli geay>tbigb war. 

Wenn eiu BbUckcdieu Milz in cine dUnne Bchichb von Blub- 
phiaina gelegb wird, welcJiea von einem Deekgltlachen in die feuelite 
Kainmer einea auagelitihlben Ubjekbbrilgera luiugt, au wandern die 
Lymptliozyben, Leukuzybeii uud roten BlubkOrperclicn und die 
rixen Bindegewebezellen aua in daa Medium. Die Bewegung 
de.r Zellen fiLngb nicht auf einmal an, sondern iminer nach einer 
gewisacn Ijabenzperiodc. Diese Latenzperiode variiert mit der 
Wadiatumaakbivit&b und mit dem Alter des Gewebes und isb 
in den einzolnen Zellarben verschieden. Aus einem Milzfragment 
einea oben auagebrUteton Htlhnchens beginnt die Auswanderung 
der Lymphozyten. und Leukozyten achon nach 2! Stunden, dagegen 
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cruciiuiiiuu diu liiu<lL‘t$u\vub8zcllcn urak uach 2-1 Slutiduu oiior D - G 
Tod^uu. 

Ohm* die veitsrhictlcacii Tyi>cii d«r WaudiT/fllen ku bi’spriH’hcn, 
die uiis diesum b'rai^muiil Kiciilbar werduii, isL es vuii luleresHu /.ii bu- 
meikuii, daU <Uo. uratuu Zelluii, die hcrauawaiiilfni, sehr kieiu stud, 
ill Vci'gluii'h mil duucu, die siWltvi* koiniue.n. Dim*, blciiiuii Zeliuii 
koiiimoii I'rttli huraua uud bildeii ciiieii dic.bleii um diui 'Kra{(- 

iiiuiik, bald erticheiauii i;ruUe ovab*. Zi'llea uad daiiii »|ii add fit rail 
Itiadvt^cwubexullcn. Dcr dit-bic iiatl Kchiiiali* liitiK uiii das Fra^riavut, 
beutcliuud aus klviiiea WuaderscUea, wird breiU*!', wimiil die aadiM'ii 
Zullua erscbeiauii, uad verliert aaturj^iaiiiib an l>t('lit.i^ki‘il- 
dur ZulliaasHu. Diu ciaxelauii Zellea ia diesiaa .Iliti{{ rahrea fori., 
sick aus deiii b'rat;iacu(> bcraussulHswc^c.n, bis sic ciiiwcdcr frlcich 
vcrtuill uder ia idic fcrastcii bb'kca dcs kiciaca I'lasiaainipt'ciis xcr- 
strcul warden. Die 4 ;rcUea evalea Zelle.a uad Filirublaslea bi^- 
wegea sicli ia e.iacr geradca I^iaie-. Diese I{i‘we(riiiig bi<*il)t< iiiir 
fUr eiau kurxe. Zeit bitstehea uad hiirt. daaa aiif. Diii di<' FraKini'iiU* 
voa Itiadegewcbe uad eiabryciialciii Meseachyai heruai liewrgea sick 
die Zellea ia jeder liichtuag, als lunge Iteihea vcii Zelleii; iliese Ite- 
weguag begiaat. aack eiaer liat.ea/.|ierio(lc. Sit*, isi. selir akiiv ita 
Aafaag, spiUer aber wird sic verlaagsaiat, aarhtleiu t'iai*. gewisse 
Meagu Zellea ausgewaatltu'l- siati. 

leh sludierte die \Vaii<li*riiag tier L«'uk))/..vtea, Fibrtibliislea. 
des .Mtweachyais uiitl ties i*ad>i'.\iiaali*a Der/niuskels. Wiilireiui jeiie 
<l(*r Zellea <*iat* Ki)nuv(*r:iaderuag aurw<*isi>M kaiin, wt'lclie i-iiier 
aaibboitltMi Hewegiiiig aliiilicli isl, bi*wt’gea sii-li ilie iiieistea laage 
Sl-reckea oliae Andeiuag. Kt‘ia Itewi'is bi'stfbi, <la.lj tlie Zelli'ii 
kriechea kruiaea ia irgt*nileia<ua Siiine des Wurtes, suaderii sie 
Kc-heiaea voii eia<*r Krart- aage/.iigea /u wertleii, ilii^ verschii'di'ii 
isti veil tier siclidiareii luecliaaisrheii Struktur. Ia tleiii Kalb* iIim' 
Meseacliyai- uud ller/.muskelselleii w'areii tlie lliirt'gfliiiaUigkeiteii 
di*r Kerin yen DaregeliiiilUigkeiU'ii des Metliuiiis begieitet'. 

Willireati tlie. Waatleriiiig tier Zellt*.ii augt*iisrlit*.iiilii'li eiiie ge- 
wisse Aliiilielikeil. lialte mil. tier Heweguiig dt‘r IM't*rrt*rkt">racliea, sti 
wa.i't*ii dec.li gewisse. Kiigeainiiilit’likt*ileii verliaiidt‘ii, tlie tliui (ietlailkeii 
iiahe. brat'hleii, eb aii'lit. eiii <'iatlt*re.r Meeliaiiisiiiiis (ibtM'seiieii wiirtle. 
Fine tier llaupUtigeiiMlailiciikeile.ii besli^iil tlariii, dab ilit* Z(*llt*.a sick 
nitdit in eiae eiaf€%e.ke Salsliisuag hiiu*iabt‘we.gt*.ii odtm aiif ilt*r Dber- 
riilclie eiiie.r selelien Lbsung bewegea ktiaiiea. Sie keniit*!! niir in 
ein festes Medium kiiieinwiuidem, welches Kiweib, Ketb etler ;tudt*re 
Substuassea entliillt, die cine glciclio AffiaitAt su Lipeiden kaben. 



Die Itewcgung dea der Haut. 


S81 


DioBO Tatsaclic sdilicfit niclit die MOglichkeit aus, dafi Ihre Bewegung 
durch ObcrfUlchcuBpannungsvcrAnderung verursaclit wird. In wflsse- 
1 ‘igcn IjdBungcn konncn KOrper/cllon sich deswegen nicht foiii- 
bowogon, well sie koine Substanz horvorbringen, welcbe die Ober- 
i'lildionBpaiiiiuiig von Wasser emiedrigt. Sie bewegen sich) dag^egen 
in die rrotcinc und Fctto, weil aie solebe Substanzen abgeben, die 
Bohr loiclit von diosen abaorbicrt werden. 

Ziiin Hewcis dioaer IcLztercn Mbgliclikeit babe icli durch direkte 
Analyse von einbi'yonaloni Meaenchym, Muskol und von erwachsenen 
'LMercn staininendon Bindogowobckulturcn gefunden, dali aie gleich- 
zoilig eine Subatanz fveiaotzen, die sehr leiclit durch das Fibrinogen 
das Plasmas und durch die Fctte absorbiert wird. Dicse Substanz 
kann sehr gut orkannt werden dadurch, dafi sie das Fibrinogen 
zu Fibrin kosiguliert und die Meaenchym- und Bindegewebezellcn 
an dieacN hei'tet. Fett in KonUikt mit den Zcllen, oder in die Zellen 
aufgenoiunieii, wird mil diescr Subatanz gcsilttigt. Diese Zcllen 
wuudern niir dann in die Plaanuiaciiicht, wenn die letztere dem 
Deckglas i'ea aiiaitzt. Falls aber das Pliianiagcrinnscl nur lose 
angehend ia so waiuh'.rn die Zellen nicht uua, sondeni kleinste 
'I\*il<'hen des JMaaniaa, beHte1u>.n<l entw<*il«^r ana Brotein oder Fett, 
w(‘rden in das (le.webssKb'k liineingezogen. 'Das gesamte (Icrinnscl 
wird wie von eiiiem Msigiu'ten an das (iewebssUirk herangebraeht. 

Die Korin die.ser Zellen ist nicht durch ihre innere Organi- 
saiioii bestiiiimt, sondern durch diese Substanz, weiclie die (ierinnung 
des Kibrinogi'iis verursaclit und Kibrilleii erzeiigl, an welchen die 
Zidleii hai'lmi. Wenn <las geroiineiie IMasiiia gespannl', ist, so wird 
da>i Kibrin in lange. .Kibrilleii gezogen. Die an die Fibrilhui aiige- 
Iiertiden Zelhui n(>.liiiie.ii eine. SpindelCoriii an. Wenn das IMasma 
wie eine Scliicht gc.rinnt, so werden sie. platle polygonale oder spin- 
didlorniige Ze.llen an diescr Oberriiiche. Wenn ein N(*.tz sich 
rornit, so werden die Zellen slernrbriiiig. Suspendiert in eine 
Klhssigktdt, nehinen sie. cine ruiide Form an, wie. irgeiidein undere.r 
'rro|)l'(>n einer nic.hl •misclibareii KKissigkeit sich unUn* <lenae.lbe.n 
V<‘rli,'ll tnissmi abrundel. 

Diese Substanz, die. durch die Hindegewebszellcn freigesetzt 
wird, ha.be ich Flrgusia oider die arbeitende Substanz der Zellen 
beiiannt. Andere Zellarton kbnnen eine ilhnliche Ergusia frci- 
se.tzen, oder eine, die otwas andere Eigenschaftcn hat (.-I, 4). Die 
durtdi die Leukozyten und Lymphozyten freigcsetzte Substanz koagu- 
licrt daa Fibrinogen nicht zu echtem Fibrin,, sondem mchr zu (>.inem 
Gel. Diese Zellen wan dem in das Gel durch schmale Kan&l- 
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('■Ill'll, wul(‘-li(s <liir<‘-h (li(i Ij(>suiigMoiK<'UM(*.hat'l. del* Zidlcii c^ntslidicn. 
Sill liaft.iiii nielli fnsl an ilein OiiriniiKel, sie nchinen in dicHein 
eiiiR HphiiriKi'lm Korin an. Jiiro Psendopodicn Hind ini'istcinK Htunipt’ 
und abK('ruiidi.'-l>. Die I'jpitli(‘l/.i‘llt‘U dor Itaut bewegen Hieb alK Metn- 
bran aiis doin Fragnutnl iioraua. Sic iinti'i'selicidcn Kieh von dciii 
Itlndcguwcbc dadurcli, daU die Zcllcii nur Hclicn anHeinaiidcrweiehcn. 
biH IhI von InUn'CKHc /.u bcnicrkcn, dab sic iin Ticrkrirpi^r kcinc int.cr- 
eclinUlrcn Kibriilcn biidcii, was bci IVindcgcwc-bs/.i'llcn schi* gcwiihn- 
lieli isl. Hci dcni Stndiuiii dcr Bcwcgiing und dcr BiUluiig von Kpilhc 
lialincinbrancn aiis dcr Ilaut. von Kinbryonen, aus Driisen und aus 
dcr Haul von crwachscncn Krdsehen babe iedi hi'incrkt, dali diese 
Zcllcn das Plasma koagiilicriui und schr iibniieh, wic die Hiudcgcwclis- 
zcllcn in dem Oerinnsci iia-ftcn. l>cr Pnicrseliicd bcstchl darin, 
dafi dicHC Koagulation von cincr Atifiiisiing gcfoigl wird, clicnso 
wic das Kascin zucrsl iin Magcn ausgenorkt- und daiin verdant wird. 
Die iluUcrcn Zcllcii dcr Meinbran luiflen an dein geronnenen Plasma 
und bewegen sieli vorwilrls. llintcr diesen Zelleii wird das (t(>rinns(d 
sofort aufgelbst. Die Mcndiranen werdeii dureli diese- Vorwiirts 
bewegung der jluUeren Zellen gebildet. Ms ist dies dii^ aiisge- 
spannlc Meinbran des Fragments. Diese Bewegung wird nur bis 
/.111* (Irenzc dcr Fdasti/.itd(- dcr ursprtlnglieben epitbelialen Mem 
bran fortgeset/.i, dann lost- sic sieb von dem (ierinnsel, reiUt in 
ilircr Milie, wenii das Fragment- vorwiLrls ge/.ogeii wird 101. (Sielie 
Burrows 0 , Fig. I und (i.) 

Min anderer llnterseliied /.wiseheii der Bewtguiig der Zelleii 
und derjenigen dcr Pfen'erkiirnrben ist- dii*. I.ateii/.periode iind das 
Ausbieiben dcr volligiui Dispei'sion a-ller Zellcii des Fragments. 
Willirend PrcrtVrkiirnclien die (Hicrfliiehcnspannuiig eriiiedrigende 
Siibst-an/. sofort- freisel/en, wird die Mrgnsia von ( 2 eweb.s/.ellen 
erst, dann abgegcbeii, wciin ein gcwisscs primilres Produkt- der nor- 
inalcn Oxydat-ion dicser Zelleii sicli xii genflgeiidcr Kon/eiitra-tion 
angclWliiri hat- ( 7 ). Diese- Kub'stan/. isl- selir leielit- von den 
wac-Iisendcn (tewebeii niillels Snl/.lbsung /.ii exlraliiereii. FjS kann 
ge/eigt. werden, daU sie- die Zellen entspreeheiid ilirer Kon/ent-ra- 
tion verse-hieden beeinfluUt. leli liabe diese- Siibstan/. A relinsia i.S'i 
Oder die- t-rcilKUidc Sutistanx der Zcllc geiiannl-. In sehwaelier Ver 
dtinnung lAii) hat. sic keinen Ffrekl, in grbUerer I\on/.cnt-ration (S.j) 
stimulicrt. sic die Zellu /.urn Wandern und zur Aufnahinc von 
PiDkdnen, Fc-t-k'-n und andcren Hubslanzcu. In noe-h sttlrkcrcr Kon- 
zentrat-ioii vcranlafit sic die ZcIIc zu wachsen und sirh zu 

teilcn. Noch sttlrker konzcntricrl ftihrt sic zur Selbstvor- 

dauung dcr Zelle -( 8 >. 
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Uni cino fttr din Wandorung gentLgende EZonzentration der 
Archil Hi a zu bildcn, mu8 die Menge des Mediums Trlftin sein, 
die der Zellen YerlUlltnismilfiig gro8. Wenn eine noch grOfiere 
Anzalil veil Zellon in einor kleincn und angestauten Menge eines 
MediiiniH siipeiidicrt vrird, dann tritt Wachstum ein. 1st die An- 
zalil der vorhaiidonon Zcllen nicht groB genug, dann muJB Ar- 
cliiiKia von aiide.ren (^uellen extrahiert und hinzugeftlgt werden, 
uni Wai'lisiiini zii ernidgli('.hcn. iDiese Wanderung beginnt also 
nach eiiiur Ijatenzperiodo, die nOtige Periode ftlr die Anh&ufung 
de.r A r c. li ii h i Sic miiB aufliOrcn nach ciner gewissen Ausbreitung 
des Fragniunles und Zerstreuung der Zellen, oder Verdtlnnung der 
Archusia, die durch die begrenzte Menge der anwesenden Nah- 
rung gebildet ivird. 

Wenn wir dioMe Tatsachen auf den Kdrper ttbertragen 
wolleii, ist e.K von Intercsse, dali man' cine Stauung des Krcislaufes 
liiidel. ill ile.tii Ilcreiehe vun aktivcin Wachstum, so wie im Knochen- 
marke und iii de-n Fingernagcln. iJic Wuchcrung. in den Wunden 
foigt genau der Verteiliing der Kntzttndung, die den Krcislauf vor- 
laiigHaml' und der vorlierigim ZersUiriing der PlutgefilBe. Der Krebs 
iKt. eine dielile Ht»giiierend<‘. Ze.llnuisse. Wir liaben gefunden, daB die 
Kul)Hl.anzen oder die*. VerldlltiiisHe, die zu KrehH fUliren, z. H. Tccr, 
t.ieriKelut Parasiten, Hakterien uhw., niir dadure.h wirken, daB sio 
eiiK*. Zelluiasse bildeii. Kiniimi auKgebildel., wilchst sic welter uiid 
bildi't vermitrelH <1(U' Zei'Hidruiig von IllutgefilBen immer von neuem 
eine slagnien'-nde Zellmasse (!), 1.0, 1. L). 

I)i( >se. Iie.ol)a.('lil.unge.n fdlirfen micli dalier zu dem tichlussc, 
daB die Zidlen einrae-h ridHsige Sysimue Kind, dazu bcfilliigt, in 
sie.li Kelbst' gewissi'. Jleakt.ionen mil. Mauei-Kioi'f hervorzurufen. 
Diese Jleakiionen setzen auBer Wilrnie gewisHe Substanzen frei, 
<iie. A r ell u si a. Dio Archusia veruraacht die Entstchung rler 
Ergiisia. Die letztcni Cdhrt zur Auswanderung der, Zellen in das 
Medium, das fixier(.es Protein und Fett. enthdlt oder aber Tdhrt zur 
Anzieliung der mclir iKiweglichen I’rotcinc und Fetto in die Zellc 
hintdn. In lidherer Konzeiilration veranlaBt diesclbe Substonz Ver- 
dauung des EiweiBcs und Fettes und zum Wachstum. Wasscr und 
Salze gelungen in dio Zello als Folgc diescr sekundilren licaktioncn. 
Die Wanderung und dio Zcllformcn sind nichts anderes als eine 
einfachc Obcrflilchcnspannungserscheinung, wie oben erwAhnt (3). 
In der Tnteratur ifinden sich widcrsprechende Meinungen. Oppiol 
(12) und Osowsky ’,(13) studierten die Bewegungen epithelialer 
Membraneh von Fragmenten ider Cornea und ivon Simbryonen. Sie 
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iH'.iiivrkUm, <iiiU (Jim*- J«^cll(!n Hdir oCl ohm*, jodo iiinhboidi* AkliviUil 
sirh Sio iialum>n un, dali dicsu lit‘W(*KUii>{ dundi ilh*. 

Zclloii ituwii'kl. wil'd, abor ku*. iiannlcn dios „MasK(*tilu*W(>(;uiif;“, 
iiirhl, aindlMiidc Ucwof'uut;. IIol hick (14) vortritt cino audorc 
AiiHii'hl. l<!r <b>im>iis(riiu-lv. mrii*. andiboido |tro(o|>Iasuiatis(‘b(* Korl- 
Hiitiio oiiUauK ditr (ircn/i; (‘iiior oidiJudiaUiiii Mt'nibran, die aicb in 
(dnoin ftolat-inoscn Mcdinnt In Hnvt’ifuiiK lH*fnud. Soiiior Anairbt 
nai'b ac.iidon die Zidleii dioae Kort.sjlty.(*. aus, elwa wic. uiu Mciiscb 
HeiiiH lUdnc iH‘W('f;i.. 

Kin 8tudiiun dor Abbilduni'on von llotnies logl die Vormulunf; 
naiu*., daii divst*. UurctfclniiiUijtkcitvn dor Oborl'liioliu aut' das iiu 
Medium bofindliohu (lolatin i{urii<-k/.urttliriui sind, woil diosuH von 
doji atiH don Zo.llon rroiKosoizlon kon^iiliorondou Kubstanzon vor- 
ilndorl wil'd. Domnaoh bodouton die Zo.lll'ortsa(‘/o. onlwodor oino 
Tnmnunfi; dox (lorinnsols in Kibrilion odiT oino. Unrom'iniaUiukoit 
dor UorHliruiiKstliicbo, aiior nirbt oino durcb dit^ Zidloii bodinuto 
aiudboido .Howo((ung. 

Urn auob dioso Knuto y,u la'IenohLim, balxt ioli Ilaulkuituri'n 
von orwaoIiKomtn Frdarlion aiiKoaoIxt.. .Ms Modinni bi>niit/.lo iob 
aus (iom Uiuto (ios iTwaolisoiion Krosolios iiorKosiolllos IMasnia. P.'is 
IIaul>fra({mont war von (bun i-ioino. dossolbon Tioros Koiioninion. 
Yor dor KntlVrnuiiK wiirdo die ilant. sortdalUK mil Wassor and 
iioifo und daiin mil. sloriioin, 0,4<>'n Tulmd onUiallondoin Wassor 
^oroiniKU I)i<‘. Fi')i)j;monlo oiilbiolton die opilliolialo Scliiolit umi 
oinon Toil dor oliorfiiirbliolioii Kasoio. .lodes KraKiiioiit. baili* oinoii 
liliiKston Dui'obmom'i' von oinoiu Millimotor odor woniKor und wiirdo 
in oino Srliiidit von IMaama von <);> mm Dioko odor wouim'i' m'lrul. 
Dioso DiuioiisioiKUi sioliorloit KonllKondo SauorstofLV,ut'ulir. 

Das Pbvsma wurdo aul' oin DockKlitsobon «oIok 1, darllbor wiinlo 
oin aus^oliobltor Objokitram'r KoIokI, woloiior vorlior mil Va.soIin 
umrandol wurdo. Dio Kultuivn wurdon in oinoin Zimnior f;oh.'ilton. 
dosson Tomi»ora|.ur von nri 70'> K variiorlo. Dio. Kj)ilbol/.olloii 
Iioj^innon naob '2 Stiindoii ilin*. .AuswandorunK l)oi 71 ) “ K. Doi 
oinor niodrif;oron Tom(ioratur sind dio Ib^wouiuiKon lauKsamor. in 
oinom Toilo iliosor Kuiturou bowo.Klon sioh dio. K)iilliol/,ollon an 
dor DorUlirunfrarii'lolio dos Dlasiuas und dos Dook^lasos. In andoron 
Ivulturon dagugon war dioao. Hohirhl in d(‘n untiu'on Toil doa (lo.- 
rinnsola gelogl wordou, so daii siu siub auf dor fntion und woniu 
unt^rattttKton riaHmaluftoborflilcbc bowogton. 

Kura vor und wAbrond dor Zollbowcgung Kiobb aicJi dio IMasnia- 
Suhiolib y^usaiumcn, indem das Fibrinogen sicli zu Fibrin uiuwandolt. 
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Diese Umv^andlung beginnt an der Qrenze der Spitbelmeinbran. 
Gleicbzeitig flachen sich die Slpithelzellen ab und heften sicb. an 
das Fibrin C^ig. 1, siebe Tafel Nr. 6). W&brend nun der Ge- 
rinnungsprozefi zentrifugal weiterscbreitet, wandem die peripberen 
Fpitlielzellen aus und ziehen die anderen Zellen, der Membran nacb 
sicb. Wenn die Fpitbelzellen dem Deckglftscben nahe liegen, kon- 
trabicrt sicb das Plasmagerinnsel zu einer flacben Scbicht. Die 
Zellen gleiten Uber diese glatte Fibrinscbicbt ■ohne irgendwelche 
Konturver&nderung (Fig. 2). Wenn dagegen die Zellen ttber die 



Fig. 2. Kine Camera lucida - Zmohnung vom Bande dnor ^ithelialen 
Monibran bei starker VorgrSflerung. Die Zeichnung wurde eine halbe Btunde 
spilter angefortigt, nachdem die Membran sioh von dem Fragment getrennt hat. 
Die epitholialo Membran stammt von einem Fragment der Haut mncs erwabh- 
soiien Froschos. Sie hat sich in die Nfthe des DechglSachens bewegt. 

l‘n;i(‘. Obcrniirho. dus (icrinnsolH wandcrn, &ndcrt sich* das Bild. Dio 
iSiioniiung dor sicli aiisbroitondcn Fpitliclmembran ziebt die Ober- 
in fciiic Fibrillen aus. Dio Zollr&ndor wcrdcn dann gezackt. 
Dioso linrcgolinafiigkcitcn der Zellriinder werden also durcli Dn- 
n;goIinji3igkoit(!n dor Obcrfiache des Mediums hervorgerufen. 

Jo molir sicb die Epitbelmembran ausdelmt, urn* so gr03er ist 
der Zug an der PlasmaoberfULche und um so, st&rker die Bildung 
von Fibrillen. Dadurch Averden wieder die Konturunregelm&£ig- 
keiten der Zellen grOfier und auagepr&gter (Fig. 3). 

Archiv fDr asparimaiiMIa Zallfonehniif. Bd. T. % 
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Wcnii SpiiiiiiiiiitjSKrail iturh im^lir /.uitiiuiiti. ilaiiii liist Mirh 
die Meinliran teilwiMsr vuii deni Medinin :ih: dit' Zellaiishitifer siiid 
daiin aelir Ian}{ < Kifi:- -I) uud nfr aus /iisaiiiiiieiinifUfiidea 

Zyro{dasni«‘n iiu‘hrei'«*r Zelleii. 

In andcrcn Kiiltuivn sieht man uiritUi* l'iiri'i;cliiiaUii{ki'i(i‘n 
an dim'll nirli hcwi'vci'ndi'ii M(‘inltrant*n. Wie icli srhuit in iiiciner 




0*5 lOhrs. 70*®'* 


n. VSne ilamoni Iiieida-Zi4<*hnuitg roii HehwiichtT Vi«rKn"il)i<riiii|t iMiier 
ilhiiU<du»i Monihmii, welnhn atm liaiii Knifcment aieh aiiMitraekt. Dvr Uaiitl 
divaer Mombnui haftet an der iiiiUirun Fliiehif dtn hiliiKeiidi'ii 'rru|if<'im. Hie 
Hi Rohim bndt und diebl uiid iibt aiarka S]>aiinuut{ anf tlim Umitnm'l atm. 
Daa OorinniMil iat in Krilbcru Kibiiiitibrilk'ii vurwaiidwlt. KiitMpna'hviid dusaar 
Vnrftndeniti|j^ in dotii (leriniiael aieht man breita AiiHliiiifcr am KniiUe iler 
Momliran. 


andt'ivn vVrbeit narli^ovii'srn haln*. kinint'ii sirli diese iliiiiiirii 
Mi'iuhi'ant'ii nnr bildeii, weiin das Krat;iii«'iil und das (ieriniisrl i'esi 
Ifchefli't siiid. Wt'iin das lierinnsel iiielit liai'iet, so wird i*s ..eii 
iiumst*'* /.u dtMii Kraumrni tri'/.ittreti und aurmidiisl «llul^ll^^^ li, 
FIk. 1 ). Wt'iiii das i<'ra|rtiifnt sirli Ids aiif idiii’n Hand aldtisi, sn 



Fig^. 4. Kinii (Jamora liioida* Zuichimiifc von eiiMT •whwai'hen Vernn'IUiTiiiiK 
doB UandoR cincr epitludiaioii Mamlinui, diu iiia attr Onmza ihn-r I'Uaatixitiil 
geapimnt iat. Kobe tlie Iiuif^oii Aualilafer dor Zttllt'Ji olam laivor aia aicdi von 
dam Uoiriitnael ubtromuMi HOllteii. 

wird I's ill das Oc.nunst'l wandmi und sirli I'iiirii Wen: in dieses 
bruidiun, ohiiu eine Mtuiiliraii /.ii bildtui. Ks ist. interessant xii be 
ine.rkcn, daii da, wo tlas (le.riniiHcl iiiiiT^^eliiiiiUii; an deni Peek* 
gUlsclien liaftiOt, sicli :diu Meiiibraiien viol aktivei* gegeii den bnXteii- 
den Toil bewugon als gegnu dun lusun Ttdl. Kn ei’seheiiien an deni 
iiaiide grtiberu und i'cinuru UnregulnUliiigkuituu (.b'ig. & und ii). 
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Fig. 7 und 8 sind Photographies zweier anderer Membranrftnder, 
welche die feinea ZAhnelungen der Zelleu zeigen und die ent- 
sprecheuden Unr^elmSifiigkeiteii in dem Medium. ]Die Z&hnelungen 
sind identisch mit den von Holmes shgebildeten, die dieser mit 
amOboiden Auslftufem verglichen hat. Wenn man den Band der in 

Fig. 6. ESne Oameita ladda- 
Zekdmung dea Bandea eineir 
epithdialen Membran, wie aie 
aijsh in die nntere Obecflaelu 
dee Gtotlnnaels bewegt, wdohea 
unxeigellmiiUg an dem Deck- 
fi^UbBohen haftet. Wo daa 
Gerinnad feat: anhaftet, hat 
audi dteae Membnm am mite- 
aten fortbewogt. 

S^2 Idhrs. 76®,F. 

Pig. 7 (siekc Tafel Nr. 7) dargcslclltcn Membran betrachtet, 
so sicht man ura den Bund, der epitlielialon Membran herum und 
ctwas entfonit darUbor liinaus einen umgrenzenden sohloicrartigon 
Kranz. Dieser bezei<'linet. *<1011 Ik'^zirk des kontrahierten Fibrins. 
Dnttu' diesein lie./.irk hat sieli Sdurum angesainmclt, auf doiii Grund 




Fig. 6. Camera ludda - Zdchnnng dea Bandea dner epithelialen Mem- 
bran , kleinere nnd grSflere UnregdmRfiigkeiten aeigend, ala Folge unregd- 
miilligen Anhaftena dea Gerinnada an dem Deckgliaohen. 

des Guriunsuls. An der Peripheric der Membran sicht man, daB 
(bis Cierinnscl mit klcLnen SeruiutrOpfchen gefiillt ist. Dicse haben 
vurscdiiedene Gestalt. Kiinige sind verhlngert, andere klumpenfOi’mi'g, 
oval Oder rundlich. Jedes hat eine Fibrin wand; ein ZeUauslttufer 
streekt sich in 'dieae Wand hinein (siehe Pig. 8, Tafel Nr. 7).- 

26* 
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Kiff.S isi. fine IMi«ii4»|rni|>liir vuii lU'tii Jtaiulu ciiiiT uiiiiiM'fn Mt^iit- 
hnui (liTsi^lhru Kultur. iiun wrlrlirr Kiu. 7 aiip'frrtiut wiintc. Miiu* 
sorKlalliKi* lU'uharlMuiid iiH‘.hn*iH*r st»lfluT Mviiiltraiivii /.fiut. tIaU tlUrw. 
A.uslaulVr iiniiicr tU'ii priiiiiirfii V«Taiul«TiuiH:»‘ii ilt*s (i(*riiiitsi*Is 

Ill i•'aU<‘ Kind dicsc. iiriViifii ilaitiiii*. Kidir iindi. 

Ill Kiil(*li{*ti Kalli‘ii wrrdi'ii dii* l'ni‘fn;i'liniiUii;ki‘iit‘ii in d(*iit Mviii- 
limnraiidf von oiiht od»‘r von nioliroivn Zflloii Krliildoi. Dirso 
l.Inrof'oliiiaUiKkoiloii Kind iiui' Vi‘iv.i‘rniiinvH> widt'lo- aiirli andort* 

KlflKHif;ki‘i(alro|iiron /.t‘in:i'ii, wonii Ki«f idiu* ObiTriarhcits|iaitnnii8 
(' 1 ‘niodriKt‘iido Kubstanx in vim* uiiKhdchmaUiut* AbKoi'idioiiKobornarito 
ab|;i'buii. 

Ill tdiinr Kultur -von ilvr Ilaiit oiitos IlUtini'iviubryos s|it(d(. 
iKidi (‘inci uiidniv- I'Ii’ki’Iumiiuiii; riiit* Hoib*. /fiilrab'ii 'PtMlt! diosor 
iiitdir /.ullulaivii Frairtiu’iito warden zii tMiior nussiircii SubKiati/. 
ab|{(‘batit, wdrlio die (Mun'na<'li(‘nK|ianiiuiii{ des Wassers eniie.dt‘i>;l. 
iJioHU Siibstiuiis biblet eine Sehielit UImt der WassiToberflai'lie, Hit? 
Zellen des KraKiiieiitraiides wiiehern in tliese Srliielil hitiein. Die 
k'illiiifkeit enibryoiialer <Jeweiie, «Iies«* Sehielit /,u bildeii, macdit es 
mofjlidi, dieso iiii nUKsiKeii Medium /.n kiiliiviereii iiiid d«‘ren Wande 
ruiiK ill d(‘K Meiiiiiiii /u beoliaelit-eii. l)i<*Ke Ztdien lie\vei;en sirh iiii'lit 
eiitlaiii; dinii l)e.ekij;i:isi’ii<*ii todei* di*r I'reieii Obert'l:ii'lie dt>i' Sal/ 
IriKuni;, wie- ok sielt il arris on vor^este.llt bat. simdern in dies«' 
dflntie iSrliielit liiiiein, welelie den Nvai*li.seiid«’ii /o'lli'ii voraiiseilciid 
sirh (liiet* das ‘.Mediuni aiisbreit'Cl. In <'iiii;'rii K iiliiit'i'ii iler l•'rosl'h 
Iiaiit babe irh illinliehe. Sebleier nevelnni; in den Srliii-lileii \on 
Kleii'liiii:iUit;er Koiisisteii/. ist der Itaiid d«>r wai-bseiiden epillie 
lialeii iMe.nibran oft vie.l Kleiehriiriiiiifer und idiiie anioboide A iik 
liiufcT, 

11 olines srhildert in i;r«iUen ZUuen diese \'iiri'ann;e« di<‘ ieb in 
Kil(. 4 f<e/eif;t liabi\ Kr betraelitid diese. als dureii Spannnnu \4‘r 
urKarlit und uiilersrlieide.t sie von d«’ii feitiereii Z;ilineliiin;en. die 
in eincr frUlienni I*erio«ie. Ixmierkt wnrdeii. Weiiii iiian Hie nber 
KuriffiUtiK beobarlilel, so e.rselieinen sie dureli db'Kelbi'ii Mediiieiinueii 
vonirKacdit. Dariiiii babe*, irb keitieti (iruiid. ilieKo als aiiinboidi* De- 
\veKiinf|;en zn erklilren, wie jetzt ini all;{einein(Ui aiifjenoinnieii wird, 
Kondi'i'ii ieb inbelite die. ols'ii erwiUinle DeiihiiiK vertreleii. i)iese 
Zellen, uni das noeli eiiinial zu Imtuiieii, li(*\vei.;eu Mi<*ti dadureb, dali 
sin (dnu DburflilrhonapannuiiK ernicdriKeiide SnbKlanz ubKcben, wie 
sieli diiH Quine.kc (l.r>) ursprUni^lich godarbt tiat in suinen Sludicn 
Ubor die l)cwc{;uni( <ler Oharazellcn. Qiiineko bak daKt'K<!i> 
ninlit erkunnt, daJi die OborfUtchcnapattuuugsiliideruttg niuht in dur 
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BerUhrungsfl&che von Zelle und Fldssigkeit, sondem an der Be- 
rfUirungsfl&che der Zellen und der Proteine und Fette der Um- 
gebuug zustande kommt. 

Die Wachstumsf&higkeit gehdrt zu den fundamentalen Bigen- 
tUinlichkeitcn der Icbenden Substanz. Die Zellen sind befkhigt, 
Proteine, Fotte, Kohlehydrate, Salze und Wasser in sich selbst 
hineinzuziehen. 

Sic 'waclisen auf Grund ihrer Fkhigkeit, komplizierte organische 
Verbindungon abzubauen, diese zu oxydieren und dann aus diesem 
Prozcli Fnergie zu bilden. Wie die Energie freigesetzt wird und 
wie sie zu diesem Zweeke benutzt wird, ist nicht bekannt. Ander- 
seits ist es schr gut bekannt, dafi Tiere wegwandem von dem Orte, 
wo sic. mit anderen Tieren zusammengedtfingt sind, zu Orten, die 
reicher an Nalirungsstoffen sind. Bei dem Studium dieser ein- 
faclien Zellen der Gewebekulturen war es mOglich, den Meebanismus 
dieses Prozesses aufzuhellen und die ftthrenden ICriLfte, die dieses 
besondere Vcrhalten regeln, zu beleuchten. Die Kbrpcrzcllcn zieben 
in sioh bewcgliclie Proteine und Fettpartikel durcb Frciwerden eincr 
Substanz hinein, wclche gleich starke Affinitilt ftlr die Zelle und 
fUr Proteine. und Fetto hat. Wenn die Inertia dieser Proteine 
iiiui Kettc gWilier ist iUs die der Zellen, so werden die Zellen diircli 
sie ;iiige./.ogen. Diese lieweguug der Zellen wird als Auswanderung 
iM'zeiidinct. 


Obernaclieiispaiiiiung erniedrigende Substanz, die Erg us i a, 
winl nirlit unl.er alien IJinsULiiden aus den Zellen frei, sondern nur 
w«>nn cine andere Substanz, die. Arehusia, sich in einer gewissen 
Konzentration uni die Zelle heruin anliiiuft. Die Arehusia wird 
ini Verlijiltnis zu dem diindi die Zelle absorbierten Saueratofr 
gebilde.t, sie. wird nieht dureli Korperzellen zurnekgelialten, 
sondi'i'ii wird in das Medium ausgeschieden. Sie koiizeiitriert 
sich uni <iie Zelle lierum, wenn diese zusammengodrdngt ist in 
einer gestauteii Umgebung. Wenn cin Fragment von llewebe 
in (‘iiien Tropfen Mediuni ge.legt wird, so weiehen die Zellen aus- 
einander iinil das Fragment verbreitet sich in dem Malle, wie die. 
Arehusia sieh anliiiuft. Diese Verbreiterung ist die Kolgc. des 
Freiwerdens einer Substanz, die die Oberflilchenspanuung erniedrigt 


zwisehen den Zellen und don Proteinon und Fetten der Umgebung. 
Dieser Vorgang kann niebt stattfinden in oinem! Medium, das diese 
Substanzen nidit enUilUt. Wird, die Arehusia-Konzentration 
erhlJht, so werden die Zellen befahigt, die angesammolten Sub¬ 
stanzen zu verdauen. Wasser und Salz werden absorbiert als 
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dio ilic'scr priinan'ii .Ui-aklhm. DiW itcsullJit IhI Wurhstiuti. 

l)il^ Zdktii Hind t(tv/.\vuiiKi'n, sich in tdiifin Medium, widtrhfs J'ndfiiie 
uiid Ktdle eiithiilt, xu viu'UdImi, aui* iiruuti dieses eininehen 
Merhauisinus uud uieUt atif itruiid irKeitdeiues komplexen ieleu- 
lugisrluiU AkUw. 

In diesen Kdrperxellen findet. man da rum einu Kinfuehiieil der 
St.ruktur, die jentt lier einxelltgen Orgnnismen UlHU'lrifft. In den 
Icaxteii Jahren Imlsui wir viel (ther Knergiebildung aus dent Stndium 
tier Kdrperiixydaliitn gelerni, als'r sehr weiiig betreffs tier Me- 
thodeii, die ilie Zelbt /.nr Umwandtiinu der Knergie in ArlH*i( be- 
n(l(y.t. WiUirentl es tlieiireliseh sieher xu seta .seheiiit, daii Wai'lis- 
tum, Zellteilung und tlie verseiiietieneii b'unktitinsfnrmen s:imtiirii 
enLwede.r Arlsdt itdei* A riieitsprudiikt versrbit‘iient>r Anieiie. eint‘r 
AuUersl koniplixiert(‘n Masrhtne tiarstellen, bat bisiier jeder Versueti, 
tliese. Maseliine tiurcii tins Stutliiim des einxelligeii Oruanisniiis in 
ilire Teile xu /.erii‘gi‘n, iiiir xn WitlersprUeiien gefniirt. leb glanbe, 
in diesen und aueii in autlereii Arlteileii fllit*!' Wat'liNluin dtie. riu > 
und MuskelktintraktUm (l(i) gexeigt xu iialsui, tlall tiiese St'liwierig- 
keil nberwundeu werdtui kann durrh das .Siudium tier Ktirper/tdiiMi 
in titui (iewebt'kuitureii, wtdi eint>rseits tiiesif Zelleii in iiiretii I'nitit 
piastna jeder Organisatitiii enlbebivn untl antlererseils tlit* aiibere 
Haul tier Ainiibe unii tlie <'utis des I’araiiiatM'iuius viui tier rniuebuiig 
abiiiinirl, tlie fill' eiiieii trrtiiien Teil tlit ses Mt’flianismus \eranl\M>riiii-b 
gemaehl werdeii kann. 
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ErklSnmg der TafelabbildnngeiL 

Fig. 1. Biiio Zdohnung ciner scshinalou Membran von epitlielialcn Zcllen, 
iKiraiiHwuuhornd voii <uiieui HuhiniilKii Fragtnmit dor llaut d(‘S ci'wocliscneii 
^'roH(:h(w (Itiuia piiMcim) in oiiiu Schicht vuii Aiitoplasina von 0,4 mm Dickn. 
Din Kiil(.iir isl M SUmdcn all. Dio Itiuidzolluii mid oinigo Sciloiisulluii sind 
iiligi‘|iliit.U!l. swiMslum dcm L'ltumin mid dom DuckgliiH. Dicsn fltmliun Zulloii 

IiiiIkui obi'iii! liiltidor. Dio Kulluruii siiid in Furmol fixicrt und iiiit Ilumii- 
Idxyiiii-I'kHiiii gofiirbt. 

I<'ig. 7. Fiiio L*h(il(igruplii(! oiiior opitlioliiilim Minnliruii, siuli vun dcm 

Ibiiidc dcrt Friigmcnlus dor FniHcliluiiit bcwi^md, in i‘iiior 14 Stundon ultoii 
K 111! nr. Sic soigl, wio siuli dus Uoriniisol miter dcni Kinflusso dor Zclloii 

vi'riindiM'l. 

Fig. H. lOiiio Flmlogrupliio cincr Mombruu vun opiLlicliulcu Zellcn in 

i‘ini>m undoi-cn Toilc dci-HcIbon Kiilliir wio Fig. 7, die soigt, wio dio Zoll- 
lUiHluiircr diivMO’ Tnninung von Fibrin und Sormn dus Gcrimuiols cntiiprcuhon. 
Diih ZyluiiliiHiiiii dor Zcllon liuflcl dom Fibrin un, wololios die VVund dor Soriiiii- 
liliiwtlioii bildot. 
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A PRELIMINARY NOTE ON THE STUDY OF EXPERI¬ 
MENTAL EMBRYOMATA IN MICE 

MONTROSE! T. BURROWS 

(From the Department of Surgery^ Washington University School of Medicine and The 
Research Laboratories of the Barnard Free Skin and Cancer HospUcdt 
Saint LouiSf Missouri^ 

Rous states that the embryonic tissue of mice injected into 
host mice grows actively for only a few days or weeks and then 
disappears (1). In the rats conditions are different: the embry¬ 
onic tissue often continues to grow for months and the tumors 
may then persist without change to the death of the animals. In 
a single experiment performed 4 years ago I noticed a teratoma 
in a mouse to persist for several months not unlike those then 
under observation in rats. As a possible contribution to the 
knowledge of temtomata it became of interest to ascertain the 
conditions under which this tumor had remained and the other 
lia<l tlisujipearecl in a few weeks. 

Previous authors liad already noted that the growth of those 
('xperinu'utal teratomata is prevented by the presence of cyto- 
toxins ill tlie serum of tlie host and that the relative growth of 
tluwe tumors is iiifluencc<l by the age of the animal (they grow 
b(*ti(‘r in young tlian in ohl animals) and by the amount and the 
aget of tint embryonic tissue injected. No one has studied 
however tlie relation of the exact ago of young animals to the 
exact age of the embryonic tissue used. On the other hand it 
has be<ui noticed that the onset of pregnancy, the development 
of a wasting tlisease or a malignant tumor in the host effects the 
growth of embryomata in rats and other animals. 

M£THOD 

In these exi^eriments I have attempted to control for cytotoxic 
effects by using close relatives of already practically homozygous 
strains. All of our mice had come from brother and sister 
crosses for 2 to 4 generations. The embryos used for injection 
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w<w rtlwayw full I)r<»th<^r8 luwl Hist ora of th«< host. The hoHts 
worn fr<jm u proviouK hy th«^ sjiiiu* mother uiui fiiiher. 

The HKo of the embryos was (ieteriiiiiie<l by noting t.h<* exact 
time of mating. In eaeli (*as<» tl»e age of the embryo is the exact 
time in hours from the beginning of copulation to the time the 
embryo was remov<sl from the mother. 

In each exp<‘riim*nt tin* embryos w<*r<^ chopped into small 
pie<ats with scissors. A small amount of .711 p(*r (>ent sii*rile 
sodium chloride was added, the mixture siu’ked int<i a syringe 
and injecte<l sulxaitaneously into the sht»uld4*r of tin* host. ('are 
was taken to s(*e that tin; mass of 4*mbryonie mat<*rial always 
remuin(*<l togetln*r in one small cavity of tin* host's tissm*. 

All animals during their life were fed tin* same diet of grain and 
dog biscuits (wer>’ 4lay atnl carrots thre<* tinn*H a Wi‘(*k and nn*at 
Uirce times a W(*(*k. .Xbiiinianee of water was kept in all eag<‘s. 

HKSfl/rS OK KXI'KUIMKNTS 

In the first s<u*iesof <*xp<*rinn*nts theei]uivalenl of one I.V<lay- 
ohi embrj'o was inj(*et<‘d into (>aeb host which was -12 <iays old. 
In the seeon<I exp<*rinn‘nt the eipiivalent «>f one M-ilay-old em¬ 
bryo wa.s inj(*ct<‘d into (‘a(‘h host which was -to <lays ohl. In tin* 
third <^xperinn*nt IH <Iays ainl Itt-hour-ohl etnbryos were inje<*ted 
into 44-<lny-ol<l hosts. 

As sltown in tin* tabh^ of Mxpi'riment No. I, the tissue of tin* 
tr)-<Iay-<d<l embiy<i grew for 11 <iays, wln*n it n'gressed to 
disapp<‘ar (aitir<*ly aft(*r 20 <lays, ex<*ept for small fnigment of 
boini ainl (airtilage. The tissue of tin* 14-«Iay-ohl «*mbryo grew 
for 15 djiys, when it n*gn*sse4i (Mxp No. 2). whih* the IX «lay and 
lO-hoiir-oUl tissue^ gr<^w ami persist(*d for 20 <lays lM*f<»r<* r«‘gr<*s- 
sion wtis noticed (Kxp. No X). 


KxiH*rifii(*iit No. 1. 
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Experiment No. 1. HcMtH: bora May 19th, weaned June 17th. 
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Mother impregnated again by fathw of hosts at 9 a.m., June 19th. 
5 embtyos, full brother and sisters of hosts, were removed from mother 
under ether at 10 a.m., July 4th. The embryos were 16 days old; the 
hosts were 46 dasns old. The embryos were chopped into small pieces 
with scissors. The mass of embryonic tissue was then divided into 2 
equal parts. Each part was taken up in NaCl solution,. .73 per cent, 
and injected into the shoulder of 2 hosts. 


Experiment No. 2. 
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Experiment No. 2. Hast: born May 20th, weaned June 17th. 
Mother impregnated again by father of hosts at 8 a.m., June 20th. 
5 einl)ry<)s, full hrotheiv aiul sistei's of hosts, were removetl from mother 
under at 10.20 a.m., July 4th. These embryos were 14 days old; 
i.h(< liosi.s were 46 days old. The 6 embryos were chopped into small 
pi<‘<H%s. The mass was taken tip in NaCU solution .73 per cent, and 
divided into 6 (>qual parts. Plach part was injected into the subcu¬ 
taneous tissue of th(« shoulder of a host. 

Exptrinicnl No. 3. Hosts: born Juno 14th, weaned July 12th. 
Moliluu' iinpregnatcHl by fathm* of hosts at 9.30 a.m., July 14th. 9 

cMubryos, full brothers and sistem of hosts, were removed from the 
niothcu' iiiid(‘r ether at 4 i*.m., July 28th. The embryos were 13 da 3 rs 
and 10 hours old; the hosts were 44 days old. One embryo was 
choppcul into small pieces, taken up in NuCl solution .73 per cent, and 
inje^ctod into tlut shoulder of each host. 

In other experiments embryonic tissue 11 days old was injected 
into hosts 44 days old (Exp. No. 8): embryonic tissue 11 days 
and 17 hours old, into hosts 43 days old (Exps. No. 6 and 7) and 
embryonic tissue 13 days and 13 hours old, into hosts 51 days old 
(Exp. No. 9). In only two of these experiments, Nos. 6 and 9, 
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ilid liny of thif tuinorH (‘onttiiuc to Krow and piTsist for ioii^ttr 
than 2J) to 2;t ilayn. 'Hm* younniT «'inl»ryt»H tondtnl to pinxiHt 
longer howovor than tho oldor onos. In lOxporinuMit No. (> ona 

Kx|M«ritiwMit N<*. 
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tiiinor prrHistoil for ov<*r 150 ilnys. In ICxpiTimonl No. 0 
another tiiiiior ilid not n*Kn*s» until aft«*r 00 days. Mxporiim'nt. 
t) difTorad from tha aniiiar oi«‘S in tluit. tha tissua was inj«*<'tad 
into ohlar hosts. 
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Experiment No. 6. HoBis: born Aug. 28th, wcanad Sept. 25th. 
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Mother impregnated by father of hosts at 10.30 p.m., Sept. 29th. 
7 embryos, full brother and sisters of host, removed from mother under 
ether at 3.10 p.m., Oct. 10th. The embryos were 11 days and 17 hoiirs 
old; the hosts were 43 days old. 2| embryos chopped in NaCl 
solution .73 per cent, were injected into each of the 3 hosts. 


Experiment No. 0. 
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Experiment No. 9. Host born Sept. 10th, weaned Oct. 8th. Mother 
impregnated by father of hosts at 7.30 p.m., Oct. 17th. 7 embryos were 
removed from mother under ether at 8.45 a.m., Oct. 31st. The 
embryos were 13 days and 13 hours old; the hosts were 51 days old. 
One embryo was chopped into small pieces, taken up in NaCl solution 
.73 pc^r cent, and injected into each of the 4 hosts. 

Noting ihiH relation of the perHistonce of the tumor to the age 
of tlui embryoH in Kxi)erimentH Nos. 1, 2 and 3 and, again, a 
similar relation to the age of the hosts in Experiment No. 9, it 
IxM'aine of int(irest to study the growth of younger embryos in 
ohler hosts. Very few or any of the rats had reached the age of 
])uberty at 43 to 47 <lays while many of them had passed this 
l)erio<l after 4S to .50 <lays. Long and Evans (2) have noted that 
])iib(n-ty in rats comes at various times. Most of our mice had 
n^acluMl ])uberty when 50 days old. The exact time lias varied 
<x>nsi<lerably, however, in diflferent individuals of the colony. 

In an earlier cx])crinicnt. No. 4, I had injected by the same 
method chopped up embryos, 12 day and 12 hours old, in each 
of 5 hosts which were 53 days old. In following this experiment 
it was found that tlie tumors persisted for many months in spite of 
numerous pregnancies in the females. In one animal the tumor 
persisted throughout her life. She (No. 2) lived to be 1 year and 
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J) inoulhH old. Tho (uiM(»r wus as inrfco nt lior doath as that 
shown in tiio iaido. Kifc. I sliows this tiiintir oxposmi i>y tho 
roinoval of Mut skin ovor it aft(»r iior <i<‘atii. 



Fio. 1. ;\ii (■xiM’riiiU'iiliil riulir.vmiiH in ii fcnuili' iiiiniNi' )HTniMliiiK for 1 yi-;ir ntnl .‘t 
iniiiilliH or li> till’ ilt’iillt of till’ iiiiiiiiiil. 

Kxprnmrnl i\o. //. Hosts: liorii .liiiti’ Mtli, wcaiicil .luly 12tli. 
Mother iinpivKiiated liy ftitlier of ho.s1s at il r.M., .Inly 2ith. 7 
oinliryos, full iirotiiers anil sisters of liosts, were reiiioved from mother 
nndt'r ether nt 0 a.m., Auk. (Mh. The emtiryos were II! days ami 12 
hours ohl; th«^ hosts wen* .’ill ilays old. 'I'he emtiryos were eliopped 
into pieees in NntU stihitioii .711 iM*r rent. The emliryonie fraKinents 
were mi.\ed tofi;ether and divided in o parts. (>ne part, was injeeted into 
eaeh of the li hosts. 

Pieces of this tumor were scNstiontnl and stuine<l. It has tlie 
same structure as other tumors. It is compostnl of cartilage, 
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bone, connective tissue and cysts lined by alfin epithelium with 
hair follicles, sweat and sebaceous glands and other cysts lined 
by a mucosa similar to that of the intestine. 


Expeiiment No. 4. 
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Ill other experiments I have continued to find tumors per¬ 
sisting longer in older hosts than in yoimger ones. In experi¬ 
ment No. 12 I injected embryonic tissue 13 days and 23J hours 
old into rut.s (17 <lays okl. 


]i]xpcTiinont No. 12. 




a rjt 

/ 

Af 


(?o»0^ 


o 

/K? ^ 

AA 


0 o 

0 



AA 

OBOq 


0.00 

V 

< 


PJxpcnnietU No. 12. Hosts born Oct. 19th, weaned Nov. ICth. 
Mother impregnated by father of hosts at 6.00 p.m., Dec. 12th. 4 

embryos, full brothers and sisters of hosts, were removed from mother 
under ether at 4.35 p.m., Dec. 25th. The embryos were 13 days and 
23^ hours ol<l; the hosts were 67 days old. Two embryos were chopped 
in .73 per cent, NaCl solution and injected into host number 1. Only 
one embryo was injected in the same manner into hosts. Nos. 2 and 3. 
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t'roiti tlu‘-K<> ()I)s<>rviiti(»iiH it is 4*vi<ii*tit t iu'rf'fdrt* tiiat t4*ru- 
toiiiuta iinuluctKl i>y inj<*<'tiiiK ni<ius<> tMtihryos into 

lioHt luiro may i>fM*Hist uiulor tlit> propi^r romlitions tiiul lliaro 
HOtMiiH to l>o a tioiinit'C n‘lation imtwnon th«* aK** of ttio tMiiliryo ami 
tlio UKo of th<f iioHt to tliiH |M>rHist<>ti<‘«‘. Tim youiifC(*r (•iiiltryonic 
tissuo pt^rsistH Ioiik<‘<’ >» t!u‘ hosts than that of oltior (•mhryos. 
Hosts which have Just passisi pula^rty an* tuon* favoralilt* 
for tint p(«rsist(‘n(‘(^ of tin* tumors than ytauiKcr ones. One 
animal inoculatcil with (*hoppi*<l-tip t>miiryos wh<‘n it was oCi 
<htys ohl carritnl the tumor throu);hout its lift* in spit<‘ of s(>vi*ral 
pr<‘{cnancH‘s. 

UKFKHKNCKS 

Uoi’H, 1*.: An Kx|M*riiii(*ntii1 «>f *rratiM|»liiiil('<l 'rntiinr ninl m 'rniiiNpUinfcMl 

Nciriiml TiHHiii* C'liptililt* (if (iriiwtli. J. K\p. Mf<i. tnin. xii, pp. m t Iliiii. 
LdN'n, «I. Amt ANii l'IvAN^4• 11. M.: in the l{:it and itn A^«^••llMllted 

Piiniioiiiniifi. Mriudirs nf the riiiverMtly iif ( tirj'j. ti. 
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2. A STubv OF CELL STIMULATION. 
CANCER AND VITAMINS.— By Drs. 
Moi^trosr T. Burrows akd Louis H. 

JORSTAD. 

The conditions allowinsr- a growth of body cells 
in the tissue culture haye been studied. In a simple 
normal body fluid such as the plasma of the blood of 
a normal individual single cells cannot grow. 
Growth can inte^ene only where many cells are 
crowded together in a small amount of stagnant me¬ 
dium so that a normal product of their oscidation re¬ 
action can be made to remain about them and ac¬ 
cumulate to a certain concentration. This substance 
formed by all cells cannot be retained by the cell. 
It is readily washed away by circtilating blood. This 
substance has been called the archusia. Cells can 
be made to grow by adding this arciiusia to the 
medium as by allowing it to accumulate from the 
cells, which are to be made later to grow by it. 
ylrdiusia extracted from other stagnant cell masses 
is SIS efTectivc sis tlmt formed by the cell itself. The 
independent growth in cancer is the result of the 
fsict that csincerous tissue is a dense mass of cells 
poor in blood vessels. It is a tisstie which can form 
Si Isirge qusmtity of archusut on siccount of its dense¬ 
ly cellular content and this remains because of its 
poor circulation or no ready means for it to escape. 

In sipplying these laws* to the normal organism it 
was noticed thsit many tissues even in late embryonic 
life have too active a circulation and too few cells 
]>er tinit capillary area for them to grow. The growth 
of these tissues must obtain, therefore, through the 
lilood obtaining archttsia for them from other 
sources. Wc have sought a supply of this ixrchusia 
in the food and in the glands of internal secretion. 
VS^e have found that many non-pathogenic as well 
siS pathogenic bacteria form an archusia which acts 
readily to stimulate the cells of the body to grow. 
When these bacteria are fed the body grows actively. 
Tliey act as vitamin B. The or^nism with its 
active circulation undoubtedly survives not because 
of an ability for its cells to grow independently, such 
is possible only in cancer, but by preying on lower 
growing forms for a part of their growth energy. 
The bacteria particularly studied were the B. tume- 
faciens and B. campestris. See also article by Bur¬ 
rows, M.T., 192S, Proc. Soc. Exp. Biol. Med., Vol. 
XXII. p. 241. 



:i. 'rill-: ONAKIAX IlciUMoNK AS A 
C :h:i -I. S ri M l ‘I .a XT. I ly l >ks. Miint- 
KCISK *r. ItrUKiiWS ANIi i*ll.\Ki.MS C t. JlHIN- 
STIIN- 

lii tliiH |ttt|K*r \\t* tiavi* *«tiic|ii-cl tlu* articiii tif tlu- 
tivarv aH a HtlmiiliiH fcir tiu* Kro^'Vli ImuIv cells. 
'Hie e\trafts ctititaiitatia •trtita.sui sttnmlatc the celts 
«tf file laiily !<• tliKeKt fats aiitl i»roleiiis anil arctw, 
VVe IiimI that ina/ola ful iiijectetl iittcler the skin t»f 
rats reitiaiiis as siteli tfcir an tiitlelttiiie |tt-ruu|. it is 
ii«jit iise<l hy the cells iiitclc«r fuirinal ci*il«iilitiiis. in 
«*tlit*r es|M*ritm-iits the Alien Ikiisv llfiiii««ite was 
a«tilei! tc* the «u| iiijectetl. *riie cells ittvatle these t*il 
clrti|ilets. tHaest tiieiu aiiil nrtiw witli Kresit aetivtt\ 
lint it all the ttil has heeti reiii«ive«|. It has heeii 
kiitawii fnr a h«iiK liiite that the tivary has a ileftiiite 
elTect <111 the fat iiit‘tal>«»lisiti «»f tin* orisatiistn. ll\ 
thest* ex|iei‘iilfeiits it lias heeii iittt <itilv fitissilile ti> 
ni\e direct evitfeiice Ittr the manner in w-liich it ai'ts 
in this capacity, hut tc» tlettKiiistrafe alsti a suture- ni 
ur<»wth stiiitiiliis lit tilts internal seert-ttiie elaiitl. 


7lie ■■/ /At* A/tjr«t>f«rf .V/a/e Afisfiitil 

A/iiy. /VJ-V /sivft'x iv| 
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AN EXPERIMENTAL STUDY OF THE RELATION OF THE 
OVARY TO FAT METABOLISM. 

By MONTROSE T. BURROWS, MJ>., and CECARLES G. JOEQ^STON. 

(From Mo Ruearck Laboratories of The Barnard Free Skin and Cancer BospUal, and 
fhe Department of Surgery of Waskingpon Unktersity School ef 
Medicine, St. Louis.) 

FXA.TB8 4 TO 6;. 

(Received for publication, May 26,1925.) 

The coatrolling hafluence of the ovary on tyclic changes in the uterus 
and breasts has been fully appreciated for many years. Recently 
Allen and Doisy (1) have isolated from the follicular fluid of the ovaries 
of pigs an alcohol-, ether-, and acetone-soluble substance, whidi induces 
estrus when introduced subcutaneously into spayed rats. 

It is also known that the ovary has to do with the metabolism of 
fat in the body. Women store fat after the removal of the ovaries, 
destruction of the ovaries from one of various causes, and after the 
menopause. Women suffering a premature loss of function of their 
ovaries also suffer various other metabolic changes and disturbances. 
In order to throw light on this latter property of the ovary it became 
of interest to study the action of the Allen-Doisy hormone in the diges¬ 
tion of fat in the tissues.^ 

In a previous study (2) vre have riiown that Mazola, or com oil, which had been 
sterilized by heat, is not absorbed when injected into the subcutaneous tissue of 
most rats. In only one case out of thirty-nine was there any evidence of its absorp¬ 
tion even after periods as great as 7 to 9 mouths (Fig. 3). This oil in the great 
majority of these cases simply breaks up into numerous small and larger droplets. 
Each of these droplets then becomes encapsulated by cells. 

In this previous study we also dedbribed the method of the encapsulation of the 
oil droplets. These capsules are formed chiefly by large spherical shaped cells, 
having a single poorly staining nucleus. These cdls are closely packed together 
at the edge of the oil droplet, forming a capsule one to several cdls in thickness. 
Among these large cells are a few lymphocytes and neutrophils, and eosinophils, 
and polymorphonuclear and mononuclear leucocytes. The number of these 

^Read before the Society of Eaperimental Pathology, Washington, D. C., 
December 29,1924. 
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ktter cells b ncfver laige and ia the number that may be prearnt at any time In 
blood veaacla and tiaauv adjacent tu the place when* the uil waa Intnaiuceil. 

Thb cnpaulo ia formed primarily of cella which mijcrate to the oil from the sur* 
rounding tlaaues. The large round cella are (ilinddaAta and emloihclial relia, 
which have been drawn with the lymphoeytea and leucocytes to the oil from the 
surrounding connective tissue and capillaries. None of the cells of the capsules 
have formed throufd^ prolifemtion. 'tliey have mlgratetl to the edge of the «lri>p' 
lets of <dl from the tissue. During this migratbn the fixed tissue cella have not 
only rounded off to aphcriail shaped cella, but have suffered a kwa in their ability 
to stain sharply. 

This process of migration ceases after 48 hours. Kulwctiuent to this time the 
fibroblasts and endothelial t'elia gradually regain their ability to stain sharply. 
They lay down intercellular fibrila, stretch out along the surface of these fibrils, 
and aasumo apimllc shapes. In a ft*w cases where large numlwrs of these celts had 
become crowded together at the ciige of the ilropleta, tile nuclei of the ct*lls sluiw 
an increase in chronwtin. One division figure! was seen in one ipeciiiu‘n of this 
kind during this later recovery pcrlorl. As a rule, however, the only evidenre of 
growth is the formation of intercellular fibrils. .Sul>sef|uently these cellular 
fibrous capsules then slowly regress t<» a hyaline w'ar (Fig. .t). ‘I'he leutxM'ytes niul 
lymphocytes remain unduinged for a time In the ca|uiule. 'Jlien they gradually 
disappear. 

Com oil docs not stimulate u grow’th of cells. It at'ts to cause 
regressive rather than constmctivi* changes in them. Kvitlences of 
growth about these oil droplets manifest th(Mn.selves late, after the oil 
has ceased to attract the eells from the .surrounding tissue and other¬ 
wise act upon them. 'Phis rtH*u{ienition iif the celts an<I growth are 
more and the amount of earlier degenerative changes in tlie cells is 
less about the amallcr tirt>]>lcls than the larger ones. 

Allen and Doisy ha<l dissolveti their hormone in corn oil in or<l(*r to 
facilitate its intnKluction into the suhcutaiUAius tissue, in <‘aeh 
instance a tumor fomu^l at the site of the injection. Since oil pro¬ 
duces such tumors it had beem thought that this reaction was rim* alone 
to the oil. In order to throw light on the meehanisin of the absori>tion 
of the com oil in one of our animals and not in the others, and in 
view of the relation <»f the ovaiy to fat metalKilism in the organism, it 
became of interest to remove and sturly histologically a number of 
these tumors produced Iiy the oil plus the ovarian hormone. 

The animals used for these experiments were fiO rats, 2 guinea pigs, and a 
monkey. The hormone was ptepi^ hv first extracting the fresh foUicular fluid 
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from tihe ovaries of pigs mfh alooibol, filtering, aiidevapomtiag the alooih^ solution 
to dryness. The residue was then extracted with ether. After the ether solution 
was ^tered it was evaporated and the residue extracted with the com oiL This 
oil-honnone mixture was then introduced into the subcutaneous tissue of the 

8IU1IUJS. 

The com qQ containing the hormone when introduced into the tissue 
breaks up into dropdets the same as the pure com oil. It ecdtes like¬ 
wise a rapid migration of cdls to it from the surrounding tissues. A 
capsule foixxis which is identical with that seen about the pure oil 
ezcqpt that the cells in migrating to the oil show very Kttle evidence of 
degeneration, but rather an early active growth and division and an 
early and active laying down of uxtercdUular fibrils. The cdls also 
invade the oil, remove it, and proliferate most activdy in the qpace 
occupied by it. Many of the smaller drc^lets of oil are completdy 
removed by this process and the q)ace originalLy occupied by them 
becomes a dense mass of proliferating fibroblasts. In the larger drop¬ 
lets this process ceases generally after a small amount of the oil is 
removed. After a given period of such proliferation this mass of new 
cells then slowly regresses and disappears in the form of a hyaline scar. 

The details of this process are illustrated in the description of experi¬ 
ments below. 

Experiment 1 .—^Two guinea pigs were injected with 1 cc. of com oil containing 
the ovarian extract. The tumors were removed after 6 days. These tumors, 
like the tumors formed by injecting pure com oil, are composed of numerous 
encapsulated droplets of the oil. Each of these droplets is surrounded by a layer 
of cuboidal cells. Outside this layer are layers of fibroblasts whidi at this stage 
have laid down a considerable amount of intercellular material and have stretdied 
out to a spindle shape. Mitoses are numerous not only in the layer of cells about 
the oil droplets (Fig. l),but also in the layex of cells deeper in the capsule. In many 
places these inner capsular cells are proliferating rapidly, the oil is disappearing, 
and the space occupied by it is gradually being replaced by these proliferating 
cells (Fig. 2). 

As shown by the later expeiiments this proliferation into the smaller 
droplets continues until the oU. is entirely removed and its site replaced 
by a dense mass of proliferating cells. 

Experiment 2 .—A rat was injected with 2 cc. of Mazola oil containing ovarian 
extract. The tumor was removed after 3 wedrs. About all of the oil cysts the 
are seen proliferating actively. Many of the smaller drops of oil have been 
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entirely nonoved and rqikoed by these growing cells (Fig. 4, A). In other cases 
the cells are seen to be growing and slowly invading the oil from all skies (Fig. 
4, S)> The larger droideta of oil are still present (Kg. 4, 0> llieir fornoer 
idngle layer of lining cells is seen now, however, as a layer nwny cells in thick¬ 
ness. About the edge of these larger oil droplets cell processes can also be seen 
projecting out into the dl as they are seen in Fig. 4, B. 

Experiment 3 .—59 rats were injected with I to 5 cc. of corn oil fdus the ovarian 
extract, lire tumors were removed from time to tinte, between 1 week and 7 
months thereafter. Ilte aectkma of tissue removeti within 1 month show pictures 
similar to that seen in the guinea pigs and rat of Kxpcriments 1 ami 2. Subse¬ 
quent to this time the prdiifcmting tbaue slowly regresses. In the great majority 
of the cases only the smaller oil droplets are found to have licen removc<l by the 
cdla. In other sections all of the oil has been removcrl. Only the origiiwl fat of 
the subcutaneous tissue remains. This active prdiferation of cells contimum, 
however, fbr only about 2 to weeks, when it ceases and regression takes place. 
The denser masses of cells which fill many of the small oil cavities lose their nuclei. 
Their cytoplasm unites with that of nei^boring cells. It iNKomrs mure granular 
and stains less sharply (Fig. 5). In the lower {lower {licture of thesi* areas after 
6 weeks to several months one finds a few oil drops remaining and other o|u>n 
qpaccs which resemble the lacunm left by cholesterol crystals (Fig. 0). Kiimlly 
this mass of cells which filled the oil igmee shrinks to aiHiear as a single large cell 
containing no nuck'us or one or more {xiorly staining niickd. 'i'he surroiintiitig 
tissue undergoes dow regression to a hyaline scar containing a few small oil dm|> 
lets, litis process of regression takes place more quickly in some animals than 
in others. 

Experiment 4.— One s{iayed monkey retvivetl 1 cc. of tiie corn oil {ilus ovarian 
extract. I'he tumor was renumsl after A months, 'fhe oil has Incn c«im|ilctely 
removed from this tumor. I'he tumor is comisisisi of a cellular itmss regressing 
to a hyaline scar (Fig. 7). I'he open siiaces shown in this figure arc for tlie most 
part the fat dro|dets of the original tissue or secondary fat defsisits in the re¬ 
gressing scar. 


OISOUSSION AND <»>NCri.lfSlUNK. 

From these observations there scented to l>e little doubt that the 
follicular fluid of the ovaiy contains an active growth-stimulating 
substance and one capable of initiating an active digestion of tt foreign 
fat, which might otherwise remain unabsurbetl for an indeiinite time 
in the tissues of these animals (2). 

We have not attempted to ascertain whether this subsUincc excit¬ 
ing growth and a digestion of the oil is the same or in any way related 
to the substance exciting estrus in these animals, lltat it may be 
a different substance from the estrus-exdting substance is suggested, 
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however, by the fact that a aftnilar ezcitaiit of growth &,t diges¬ 
tion has recently been extracted by the same method, from the corpus 
luteum of pigs. These extracts of corpora lutea have not excited 
estrus in spayed rats. 

In the one rat in which the pure oil was absorbed, the cdls did not 
invade the oil, but the capsule remained cdlular and the oil gradually 
disappeared from the space. In these experiments in which the active 
substance was added to the oil the cdls have always invaded the oil. 
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EXPLANATION OF PLATES. 

PZATB 4. 

Fig. 1. A moderately hig^ power photomicrograph of a part of a section of a 6 
day old tumor of a guinea pig formed by injecting com oil plus ovarian hoimoiie. 

Fio. 2. A moderately high power {diotomicrograph of another part of the section 
shown in Fig. 1. 

Plate 5. 

Fio. 3. A high power photomicrograph of a part of a section of an 8 
months old tumor of a rat produced by the injection of 6 cc. of pure com oil 
into the subcutaneous tissue. This picture is included to facilitate comparison 
between the action of pure oil and oil plus ovarian hormone. 

l^G. 4. A moderately high power photomicrograph of a part of a 3 weeks old 
tumor of a rat produced by injecting com oil plus ovarian hormone. 

Plate 6. 

Fig. 5. A moderately high power photomicrograph of a section of a 7 months 
old tumor of a rat produced by injecting com oil and ovarian hormone. 

Flo. 6. A low power photomicrograph of the section shown in Fig. 5. 

Fio. 7. A hi gh power photomicrograph of a 3 rxumths old tumor of a monkey 
produced by injecting 3 oc. of com oil plus ovarian hormone. 




(Buxtowb and Johniton: Re!ation of ovaiy to fat xnetaboliam.) 
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THE BEHAVIOR OP COAL TAR IN ADULT AND 
EMBRYONIC ^ TISSUE 

1/)UI» I!. JOKKTAD 

(AVott* the Department Surgery, Waehingtnn Vnieereity St^md A/rtHeine nnti the 
Reaeareh I^tdmraUniai ef the liarnartl Fre*' Skin ntni Vanevr Itmpitnl, 

Saint tMuie, htitauturi) 

While many authors sinee as early ns 1000 have noted that any 
one of variouH lipoid KolventH will induce growth in h<i<ly ec^lls 
when injected locally, no one Hue(‘(H>de<l in prodiuMiiR <‘nnuiioina 
by this method until Yiunaffiwa and Itchikuwu (1) liad (aunplc^t c^d 
their work in 1018. Tlie earlier autliorK hud Htudied the efTet^t 
of single applications or injcHdions. H. Fischer (2) in 1000 
introduced a drop of olive oil saiuruttHl with Scharlucli R uialcr 
tlie epidermis of tlie skin of the ears of rnhhits. The a<lja(>(‘nt 
epithelial cells of tlie epi<lcrmis and hair follii^les grew down to 
enclose the oil droplets ami to pnxlma^ a pictun* not unlikt' that 
seen in cancer of tlte skin. Th<i growtli sloppeii in these castes 
after a short time when the oil was ahsorlxMl. Heink*' (^i) 1007 
noted atypical growths of cpith(*lium after the injection of a 4 
per cent solution <jf cthc'r into tin* <*yc of a salaniainier. l*ie<'es 
of these growths trunsplant(*d into tin* peritoneum of other 
salamanders contimie<l to grow for a time. Many of them 
r<*scm1>lcd carcinomata in many of th(*ir morphological charac- 
tciristics. Askanazy (,4) ad<led ether to emulsions of embryonic 
tissue. He found thesit emulsions wh(*n injecte<l into hosts grew 
more vigorously tlian those w'hich ha<l not been tri*at<‘<l with 
ether. 

So in the sumo manner many workers show(*<l that any number 
of li])oid solvents iirodmxi atypical growths but none of them 
produce cancer (Wacker and Schmincke, Btilha^k, Holnienburg 
and others) (5). It remained then for Yumagiwa to aiipreciate 
that cancer develops in the skin of coal tar workers and chimney 
sweeps only after tliey have been conUiminatcHl with these 
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substajicesforaveiyloxigtmie. While Yamaglwa and Itchikawa 
found atypical proliferation after a sdngle inoculation into rats, 
true tumors of a benign and malignant (diaracter did not 
develop until after they had repeatedly applied coal tar to the 
same area of the skin for a long time. These authors painted 
tar on the skin of the ears of rabbits. The results of their eacperir 
ments are essentially as follows: (a) papUlomatous new growths, 
termed foUiculo-^theliomata, may be produced on the rabbit’s 
ear by the application of coal tar for 30 to 100 days; (h) by the 
r^eated application of cOal tar, 8 oases of carcinomata in the 
earliest stages, 16 in an early stage, and 7 complete carcinomata 
were produced. The carcinomatous change was. discovered 
between the 35th and 360th day; in most oases it was found 
after the 150th day; (c) the hyperkeratotic pedunculated or 
sessile follicido-epiiheliomata produced by irritation with coal 
tar continued to grow after the irritant had been discontinued, 
and eventually developed into cutaneous horns. Some of these 
horns grew a year after the withdrawal of the coal tar, while 
others fell off spontaneously. In many of the latter animals 
from which these horns primarily disappeared, new cutaneous 
horns grew again from the same base or from the nei^boring 
epithelium as is the case in man; (cQ their seventh and sixteenth 
case of early carcinoma developed from cutaneous horns about 
300 days after the tar had been discontinued; (s) the presence of 
metastases was microscopically proven in the regional lymph 
nodes in their fourth and sixth cases of carcinomata; (f) the 
animals which bore folliculo-epitheliomata did not begin to 
emaciate while the new growth maintained its benign character. 

By these observations it was possible, therefore, for Yamagiwa 
to introduce the fibrst important point in relation to the develop¬ 
ment of cancer in the skin of certain tradespeople. It is not 
single but repeated eaqsosur^ to the irritant which count in 
these cases. Since that time many experiments have been naade 
with the object of not only confirming these earlier results but of 
ascertaining the action of these lipoid solvents. Tsutsi4 (6) has 
produced carcinoma on the skin on backs of mice by painting 
with coal tar. His method was the same as that used by 
17 
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Yamagiwa on the eara of rabbite. He obeerved 16 carcinomata 
and one sarooma in 17 mice Burviving over 100 days. In 2 
cases lung metastases were found. He alHo found one 6bro- 
'myxo-sarooma after coal tar had been injecte<l into the mamma 
of rabbits over two yearH time. By using Hudan III in olive oil, 
drop at a time, at 5 or 0 day intervals repeateil 17 times in two 
rats which died on 42d and 57th day, he transformed a benign 
tumor of white rats into a malignant one. He transplanted this 
malignant tumor successfully through 14 generations. 

LipschOts (7) reports that his efforts to produce carcinomata 
in mice by means of external application of coal tar yielded 
positive and tangible results in about 45 per cent of the trials. 
At least inflanunationB of the skin were observed friHiuently; 
necrosis, however, was not noted in a single instance. As to the 
time that elapsed before the first skin changes Ijccamc evident, 
he states that one animal showed the first distinct microscopic 
changes in 88 days, two in 112, and one in 2«'> clays These 
Changes were wart-like formations which iiersisted for many 
weeks. In two instances, subcutaneous transplantations of 
these wart-like nodules to healthy mice resulted in the develop¬ 
ment after 19 days of skin changes characteristic of coal tur. 
These old warts induced wart-like growths, allhougii the trans¬ 
planted tissue itself was completely absorI>ed. One tumor 
arising from these transplants when incised, proved to have a 
coarse-fibrous structure ^roughout which rcscunblcd sarcoma in 
many ways. 

Deelman (8) reports researches Iwgiin in 1017. He {minted 
the ears of rabbits and the backs of white mice with coal tar 
throe times a week. 25 illustrations show tlie findings. In 26 
of the 48 mice a carcinomatous ulcer develoiKKl and in the others 
a papilloma which resembled the first stage of cancer. These 
tar cancers resemble human cancer much more closely than 
spontaneous tumors in animals. The malignant growth that 
developed in one of the animals proved to bo a spindle cell 
sarcoma with metastasis in the lung and pleura, but not in the 
lymph glands. This tmnor was transplanted into other mice 
and has grown throui^ eleven generations to date. The trans- 
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planted grafts grew rapidly and became large in 6 or 7 weeks. 
The successful inoculations were 4 out of 5; 2 out of 6;-11 out of 
21; and 7*out of'10 in the first 8 generations. Transplanted 
pieces of’the first generations of carcinomata which he developed 
did not “take.’’ The tissue melted away in the abscesses that 
formed. This was probably due to the fact that idl of the 
carcinomata were ulcerated from which the grafts were taken. 
Qhe tar from the gas works where hoiisontal retorts were used 
seemed to be more active than tar from vertical retorts. 

Murray and Wo^om (9) studied the action of tar painted on 
the back, of mice. They found a malignant metastasising 
carcinoma -devdioping in a few of their mice. They emphasise 
the fact that' the- carcinoma developed in these animals when 
they had reached a.period of their total life cycle which corre¬ 
sponds to about the 86th year in man. 

Fibiger. (10) gives a historical sketch of the cancers that have 
been found in man from irritation with soot, pitch, etc. He 
begins with Pott’s description in 1775 and brings the work to 
date. He also reviews his own work with cancers induced in 
mice by painting the back with coal tar. He has been more 
constantly successful so far than others—fully 24 of his 26 mice 
have developed papillomata. One carcinoma was transplanted 
through 4 generationB in fom: months with “takes” in from one 
to six animals in each generation. A recent communication 
from Fibiger reports metastases in 22 of 85 mice with carci¬ 
nomata or sarcomata. Sudorff working in Fibiger’s institute at 
Copenhagen, has succeeded in inducing an adenocarcinoma in 
the mammary gland of a mouse by injecting minute amounts of 
tar into the breast over a long time. This is the first esperi- 
mental mammary adenocarcinoma to be produced by this 
method. Fibiger remarks that these tar cancers put the 
finiaVimg touch to Virchow’s theory of the casual importance of 
irritation in cancer, but the fact that cancers do not invariably 
develop proves that a predisposition may be indi^ensable. He 
also notes evidences of an organ predisposition. 

Fibiger cites about 15 research workers who had been striving 
between 1889 and 1916 to induce malignant tumors by repeated 
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applicadons of pitch, tar, aniline, etc. All were on the right 
track, but none repeated the application of the tar long enough 
until the Japanese finished their work in 1918. He also notes 
that rats and mice are probably noiore susceptible than rabbits. 
He and Bang (ll)‘obtained positilve results in 90 per cent of the 
white nnce which survived over 3 months after the initial 
application of the tar, while Yaxnagiwa and Itchikawa obtained 
only 12 naalignant tumors in 200 rabbits. Tsutsui succeeded in 
produdng tumors in 50 per cent of his experimental mice and 
Bierich (12) in 60 per cent. 

Subsequent to these earlier experiments, the relations of these 
tumors to true cancer in man and lower animals and the action 
of coal tar and other lipoid solvents became important questions 
for discussion in the literature. The first of these problems 
needs not be discussed here^ There seems little doubt at the 
present that the earlier criticisms of Bullock and Rhoden- 
buig (1915) have been answered. True cancer can be produced 
not only by repeated applications of coal tar but also by any 
number of other substances and conditions. How the coal tar 
and these other substances act remains as yet a debated problem. 
It was this latter question that interested us particularly. 

In looking over the literature of this phase of the general 
problem it has been interesting to note that many authors have 
considered cancer to be a disease like typhoid fever, a reaction to 
a specific entity. This is seen in the work of Nuzum (13) and 
Ochsner (14). Bullock and Rhod^burg, lipschtitz and others 
have thou^t that irritation alone is not sufficient in determining 
cancer. Leitch (15) found that when tar is applied repeatedly 
for a certain length of time and the irritant is then removed, 
tumors, even carcinomata, may make their appearance at a later 
date. He thou^t that irritation produces some profound 
change in normal cells subjected to its infiuence which is imd€»- 
tectable by the microscope but which allows them to proliferate 
eventually in an unrestrained and harmful fashion. He believes 
that it may be concluded that the neoplastic response to an 
irritant is a slow lissue reaction that esdubits no defensive 
property and that subserves no useful function. The internal 
changes in the cells in the earlier stages of irritation are unknown. 
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J. A. Murray (16) conducted expenxnents in which unaltered 
tar, alcoholic extract, and ethereal eactract of tar were applied to 
separate areas of the dorsal skin of sixty normal mice. After 
four months, when the first tumor appeared, fifty mice survived, 
and of these, 25 pres^ted malignant new growths. Twenty- 
two animals bore carcinomata at the site painted with the. 
ethereal extract: 12 had carcinoma at the site treated with the 
original tar, and two only had carcmomata at the site treated 
with the alcoholic extract. In one of these *>.TiiTYm.ia no tumors 
appeared at the sites treated with the apparent^ much more 
efficacious whole tar and ether extract. Mook and Wander (17) 
have found that camphorated oil (paraffin oil) does not produce 
cancer but scar-like formations in adult men, when introduced 
under the skin. These tumors appear from 2 to 18 months after 
the injection. They are composed of droplets of the oil sur¬ 
rounded by tou^ hyaline and fibrous capsules. The reaction 
to this oil in the subcutaneous tissue of man resembles the 
reaction to other foreign bodies. 

C. S. Engel (18) emphasizes the fact that the chemical irritants 
inducing cancer have an affinity for lipoids, and therefore for 
nerve substance. Several authors have pointed out that a con¬ 
nection may exist between the nervous system and the develop¬ 
ment of cancer. After a study of intestinal carcinoma in 
SchUUmiaiis japonica, Kazama, (19) holding to this latter idea, 
has been trying since 1919 to produce tumor formation on the 
mucous surfaces of viscera by the action of various stimuli. He 
has succeeded in producing adenomatous cancer in the gall¬ 
bladder of guinea pigs. When the surface of the mucous 
membrane of the stomach, urinary bladder, or gall-bladder of the 
rabbit or guinea pig is irritated by either mechanical or chemical 
means for a certain period of time polsrpous, papillous or adeno¬ 
matous growths or even adenoma or adenocarcinoma form at the 
places irritated. The new growths have also been seen to 
metastasize. 

M^Dy of the recent En^dsh school led undoubtedly by the 
earlier idea of Ross (20) have looked for some specific substance 
in coal tar which acts on the cdls to change them and stimulate 
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their growth. Most of these authors have considered cancer to 
betheresultof a primary change in the c^. Why these authors 
have taken this view I do not know. It is not coal tar alone 
which produces cancer. It is any one of a large number of 
different'substances and conditions such as many lipoid solvents, 
X-ray, radium, arsenic, chronic inflammation, heredity, etc. 
As Burrows (21), (22), (23), (24), (25) has already pointed out 
clearly, cancer is not a reaction to a spedflc entity like typhoid 
fever. It resembles gangrene in that it may arise after the action 
of any number of conditions and substances. The important 
problem in cancer is the nature of the conditions which regulate 
the normal growth of cells in the organism. The problem of 
gangrene was solv^ by the discovery of the necessity of a proper 
blood supply to tissue for them to remain intact, so cancer will be 
solved by an understanding of the conditions which regulate 
normal growth in the organism and not by any minute chemical 
analysis of coal tar. There is no evidence that the normal cell 
cannot grow imder proper conditions of its environment. The 
varions conditions which produce cancer cannot be classified by 
any chemical peculiarities. Thebr common action must be 
imysioal. 

Not only on account of the differences of opinion and results 
held and obtained by the authors but also on account of recent 
experiments canned on by Burrows here in the laboratory he 
asked me to undertake a study of the action of coal tar. 1 have 
used white rats for th^ experiments and have studied the effects 
of singjLe and multiple injections of coal tar on various types of 
tissue structures such as the mesendiyme in the embryo and the 
connective tissue in- the adult and the epidermis .of adults and 
embryos.. 

Burrows has shown that when tissue cells are placed in a drop 
of plasma the cells invade the medium. This invasion is the 
result of a specific adsorption or.dhemical afiflnity of the fibrino¬ 
gen for an substance, (firgu^ia) formed in the o(tils. The 
migration of cells in plasma blots is purely the result of a sppcifio 
adsCrption of the erguna the fibrinogen. This ergtma is also 
adsorbed by fats and probably carbohydrates, but not by water. 



COAli TAR IN AI>17XA AND ■ EMBRYONIC TXBSrnD 


239 


It is not liberated under all eonditionB by body cells. Ts ol ajjpd 
body odls cannot liberate this substance except when they are 
either just removed from a stagnant environment or when the 
environ me nt about them fails to absorb and dilute products of- 
their oxidative reactions. The formation of the ergwia depends 
priinari^ on the accumulation of a certain other product formed 
in the cell’s oxidation, the archusia. In this substance the 
energy for all, of the reactions of the cell is found. In low* 
concentrfition the archvxia has no effect In the next higpbien 
concentration it leads to the liberation of the ergnuia. Mobile 
proteins and fats are drawn into the cell as the erffwiaia adsorbed 
by them. Fixed masses of proteins-and fats draw the cells to 
them. In the next higher concentration of the txrchtuia the 
proteins and fats are digested—tilie cell grows. In still higher 
concentrations the cell itself is digested. \^ere body cells differ 
from the lower organisms is that they have lost the power either 
to retain the archusia .or to fonn it under all conditions. Tq 
collect -about them the proper concentration of archuaia for 
growth they must be crowded together. An active circulation 
also prevents the accumulation of the archusia. 

Applying these facts to development, Burrows notes that 
cellular growth in the embryo slows with ^e development of the 
blood vascular ss^tem and the separation of c^s. The cells 
whigh dominate in the healing of clean skin woimds are the 
epithelial cells which, are massed together and are free from, an 
interceUular capillary net. In a further study of tissue cultures 
and healing wounds he has shown that any ceUular mass of tissue 
having a reduced circulation may dominate over and eat up a less 
cellular mass no matter what may be the type of the cell in either 
of the two. He has found no evidence indicating thait the cancer 
cell is different from a normal cell. The active growth in cancer, 
its tendency to digest itself and its ability to prey or feed on, the 
remainder of the body is directly the result of the fact that it is.a 
cellular tissue having a -reduced blood supply^ Its increased 
energy depends entirdy on this fact. 

The cause of cancer as Burrows has shown is Ihe direct result 
of any- substance or conditions which primarily crowds any type 
of cells together and reduces the blood supply to the mass. 
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As I hB!ve stated above, Burrows has shown that the migration 
of body ftftlla is not like that of the amoeba or the paramoeoium. 
It is the direct result* of the liberation by them of a substance 
wbi(di decreases their surface tendon in the presence of proteins 
and fats. Mobile proteins and fats are drawn into the cell. 
B’ized proteins and fats draw the cdls to them. Coal tar is a 
viscid fluid whidi tends to remain fixed in the tissues. In my 
esperiments 1 have found no evidence to ^ow, therefore, that 
coal tar acts other than to adsorb the erffitsia and thus draw the 
cdls to it. It thus acts to produce a cellular growing mass imder 
one set of conditions or a hyaline soar under another. This 
difference is related to the original odlular and other characters 
of the tissue and the technical peculiarities of the experiment. 
Where one draws a large number of cdls about the tar and the 
cells are not destroyed by a too great loss of lipoid from them, 
growth intervenes. Where smaller numbers are drawn about 
the drops—hyalinisation eventually develops. Where the 
amount of erffiuia taken from the cells is more than is forming, 
ihsy degenerate. 

XXPBBIMBKTAL DATA 

I^ecUon of Coal Tar irtio the Subcutaneous Tissue of Rats 

In the first 12 male and 10 female rats one cc. of coal tar was 
injected subcutaneously at the same place every seventh day. 
After the third injection the rats showed definite symptoms of 
malaise; they lost wei^t; their coats became yellow; and their 
hair ruffled. The cages were cleaned at this time and the 
injections were stopped for ten days. Tumors developed in all 
of these rats. At different periods throughout the experiment 
certain of the animals were killed and autopsied: sections w'ere 
made from the tumors, and a study was made of internal organs 
of the animals. Sections taken from a specimen four days 
following the first injection of coal tar shows a definite encapsu¬ 
lation of the product by a dense mass of fibroblasts. In many of 
these tumors the cells show early degenerative changes. Beyond 
this dense mass is a fibrous capsule with scattered fibroblasts 
(Fig. 1). Section taken ei^teen da3rs after the initial injection 
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sho'WB a few fibroblasts about the coal tar and e'vidence of 
hyalinization of 'the fibrous 'tissue about 'the drop. Not only the 
fibroblasts but the connective tissue fibrils are d^eenerating. 
The tumor removed at this time was 5 mm. in diameter. Micro- 
scopiosUSy it looked like 'the encapsula'tion of an^ foreign body 
with a degeneration of the capsule superimposed (Fig. 2). 

Thirty-five days after the initial injection, the injections were 
discontinued in two of the aniTnals and it was noted that the 
tumors disappeared gradually and on the 28th day following had 
been completdy absorbed. After this time, the injections were 
continued again. The third and following injections were 
increased to one cc. but no tumors were produced after four 
months time at the point where the earlier tumors had disap¬ 
peared. One month later these animals were killed and 
autopsied. They had no tumors. Even the coal tar had disap¬ 
peared from the site of the injection. 

In the remaining animals injections of the coal tar were 
continued at 10 day intervals. A mass persisted and gradually 
increased in size at the point of injection. Three months after 
the initial injection one animal was killed and autopsied. The 
general autopsy was negative, section of -the tumor (average size 
in the series) showed an area of granular degeneration im¬ 
mediately about the coal tar. . Outside this layer there were 
large round cells and granular detritus. These large round cells 
resembled connective tissue cells which had changed their shape. 
Beyond this zone a fibrous and partially hyalinized capsule 
existed (Fig. 3). 

Injections were continued in other of these animals at fifteen 
to thirty day intervals for a period of 4 months longer. Autop¬ 
sies were made at 'the end of the fomrth month. The different 
tumors showed diff erent icinda of changes. Many of the masses 
of coal tar were surroimded by a dense hyaline, degenerated 
fibro'us capsule in which there were no cells. In one tumor the 
picture changed. The coal tar was encapsulated by a mass of 
fibroblasts 20 to 40 cells thick. Beyond this there is a cdlular 
fibrous tissue. Aside from shriveling of 'the connective 'tissue 
near the coal tar and a greater number of intercellular fibers the 
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capsule is mucli like tkat seen about the larva of the cat tape¬ 
worm in the liver of rats whidi as Bullock and Curtis (26) have 
tiiown, frequently becomes sarcomatous* 

The degeneration in these bells is striking in that it appears as* 
a shriveling of the whole cell and then a fragmentation of the 
nuclear material of the cells. The broken up nuclear material- 
stains sharply with hematoxylin. 

Two of the animals of this first series were living at the end of. 
11 months, at which time they wens autopsied. No metastatic 
tumors were found in either case and the tumor mass was 
composed of hyaline fibrous tissue. 

In a number of these animals 1 made only a single injection of 
coal tar. This coal tar with the original mass of tissue, was 
removed after 2 to 30 days and sectioned. In these cases the 
picture was the same. The fibers of the original connective, 
tissue were pushed back by the coal tar to form a capsule. Into 
these fibm the cells had migrated from the surrounding tissue. 
These were always few in number and scattered. Near the coal 
tar the cells showed shriveling or degeneration in the earlier 
periods. Later this capsule underwent hyaline change. ISvcn 
in the earlier stages the endothelial cells lining capillaries and 
even larger blood-vessels often disappeared as such in the region 
about the coal tar (Fig. 8). 

When the tar is injected into the derm just beneath the 
epidermis another phenomenon is noted and that is a shrinkage 
of the-tissue about the drops of tar. This is well shown in Fig. 9. 
This specimen was removed 180 days after the injection of a few. 
drops of tar. In the region of the drops of tar the connective 
tissue has been drawn together. The fibroblasts have increased 
slightly.' and the epitheUhl layer has thickmied and there are 
papillaoy extensions from this layer along the needle tracts. At 
this late stage the process has stopped, however; the horny layer 
in the thickened part of the epithelial layer has thickened so that 
the Malpighian layer is little thicker than that of the surrounding 
'skm-(Fig. 9). 

Only in a few of these cases where the tar was ^introduced 
repeatedly into the same place over a long did. 1 note any 
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evidence of proliferation in the cells. I axn not certain that any 
actual growth of .connective>tissue cells took place even in most 
of these regions. About only a few of the tumors did the con^ 
nective tissue become very cellular. In the epithelial la^er 
conditions are different. “ In this more cdOLular layer growth 
follows even the earlier extensions of epithelial cdls towards the 
tar unless these cells are destroyed by contact with the tar itself. 

A Study of the Changes Produced by Single and Repeated Infections 
of Coed Tar into a Series 0 / Expeinmenicd Eirdyi^ of 

the While Ra/t 

In a series of fifty-four white rats, embryomata were produced 
in similar hosts in the following manner: A female white rat was 
impregnated at a stated time, the resultant embryos were 
removed at a stated lime, the interval denoting the age of the 
embryos in the particular animal. The embryos were chopp^ 
into small pieces with scissors and the pieces in salt solution 
were injected subcutaneously into the axillary region of young 
rats. The hosts were previous offsprings of the parents of the 
embryos. In each experiment two chopped-up embryos were 
introduced into each host. The reaction of the salt solution 
used was 7.4 Ph. 

It was found that thirty days’ old embryomata produced by 
injecting chopped-up 15 day old embryos were the best for the 
study of changes brought about by the repeated injections of 
coal-tar. This I determined by injecting different dilutions of 
coal-tar and olive oil, coal tar and liquid soap, and non-diluted 
coal tar at 1, 5, 10, and 20 days after transplantation of the 
embryos in each of the embryomata produced by injecting 
chopped up 12,13,14,15,16, and 17-day-old rat embryos. The 
results, of the effect of coal tar on embryomata produced by 
injecting chopped-up embryos-of different ages is tabulated in 
Chart 1. 

Aftw several embryomata each being produced by injecting 2 
chopped-up 15-day-old rat mnbryos, were 30 dasrs old, I injected 
one cc. of'undiluted'^coal-tar’every ten days, into each of the 
tumors. An anixnal was killed and autopsied every, thirty day^ 
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foUowixig the first injeotion of the tar and a study of the growth 
dianges in the tumor as well as a general study of the organs 
was made. The findings were as follows: 

One tumor was removed two days after the first injeotion of 
the coal tar. In the connective tissue areas the fibrils are 
separated and flattened about the droplets of the tar. In many 

Ghaiw 1 



Hie eiie of turnon produced by injeeting ooal tar into experimental ombiyomat 
prodooed by mjeetniK chopped up embiyoe of varioue ages. In one half of the eoriee 
mjeotkna of tar were begun ten daya and in the other half twenty days after the" 
tranaplantatioin of embryonal tiaeue. 

places there is definite increase in fibroblasts in the fibers about 
the ooal tar. Whenever the tar has come in contact with the 
epithdium of one of the epithelial lined cysts, the epithelial cells 
have migrated in large numbers to surround the droplets and to 
become dispersed between distant droplets of coal tar. • Near 
the epithelial layer these cells are collected in dense masses. 
Mmy mitoses are already visible in these dense masses (Fig. 6). 
(Fig. 11 is a drawing of this same section). 

The next tumors studied were removed 30 days after the first 
injection of coal tar. These tumors were growing. How much 
the coal Imr affected the growth of the tumor was not determined. 
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lifucli of tiho Boniifll growtibi of thoso ODOLbryoDwtA is duo to & 
filling of the cysts with more fiuid. .Miczosoopioally, the re¬ 
actions about the tar is of interest. . In this tumor the tar, as in 
the former case, is found both in the connective tissue portions 
and near thS ^ithdial cdls lining many of the cysts of the 
embryoma. ThesS cysts in. the ^biyoxnata untreated by tar 
are lined chiefly by squamous epithdium of the aici'n or by 
cylindrical epithdium as in the intestine. Where the coal tar 
lay near a layer of squamous epithdium the picture was siTnilar 
to that in the first experiment except much more advanced. 
The epithelial laydr has thickened to become a tumor composed 
of long papillae which contains many pearls. The papillae 
extend downward into the wall of the cyst and encapsulate the 
coal tar like individual cells had done in the previous experiment - 
(Tig. 7). Histologically, a true prickle cdl carcinoma had 
apparently devdoped. At the earlier period only the basal cdls 
had moved down. They had rmiained more separated. The 
picture was more like that of an atypical basal cell tumor (Fig. 
11 .) 

In the purd^ mesenchymatous areas the mesenchyme cdls 
have increased greatly in number in the connective-tissue fibers 
which have encircled the drops of coal tar. The number of 
connective-tissue fibers, on the other hand, about these drops of 
tar has not increased. They are the original fibers of the tissue 
pushed together by the injection of the mass of tar (Figs. 4 and 
5). 

In the tumor removed from the rat killed 60 days after the 
initial injection, the coal tar was found only in the areas of con¬ 
nective tissue. It is in the form of one large mass. Each new 
injection had been made in the area of the previous injection. 
The capsule about the mass of coal tar is composed entirely of 
nriftHftnnhyTnft . It differs from those of the former cases only in 
that the cells around the fibers are greatly increased in number. 
They show shrivding and emrly degenerative changes. No 
mitoses are seen. 

In th** tumor removed at 90 days the coal tar' had been placed 
entirdy in mesenchyme or connective tissue parts of the 
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embryos. At this time the pojmeotive>tiseue fibers surrounding 
■the-driblets of tar are not denser than in the tumor removed 2 
days after the first injection. The fibroblasts on the othdr hand, 
have greatly increased in -number in these capsules until they 
(form almost continuous masses in many re^pons.* Mitoses are 
■seen in these cdls in many parts of the section. The cells are not 
shriveled nor have they degenerated. They are large, well 
formed and contain nuclei rich in chromatin, as in Ifg.‘5‘. 

No more tumors were removed imtil-210 days following the 
initial injection of the coal tar. The later injections in these 
older tiimora did not reach the site of the earlier injections. In 
the section of the tumor removed at 210 days the masses of tar 
diow a reaction about them like those seen in adult cozmective 
tissue 180 ■ days following the initial injection. In places 
throughout this tumor the capsule surrounding the droplets is 
composed almost entirely of fibroblasts. In other places the 
^psule is hyaline containing only-a few shriveled fibroblasts. 

A section from a tumor removed 240 dasrs after the first 
injection contained a large mass of coal tar embedded in a nanrow 
fil^us capsule. This capsule is composed largely of a dense 
mass of fibroblasts. Mitoses are seen in several places where 
these cells are more numerous. 

In other cases the tar which had remained for a very long time 
■in-the tissue was studied, .^er a single injection of tar had 
remained hi the tumor for 260 days the capsules had undergone 
hyaline changes. The increased number of fibroblasts as noted 
previously had- disappeared in this process of hyalinisation. 
The tar in this section is-not as black as at an earlier time,' Fig. 
10 - 

In practically none of these experiments with coal tar have ! 
seen any increase in the leucocjrtes or wandering cells about 
'these drops of coal tar. The tar acts entirely on the fixed tissue 
cells. When-introduced into the tissue beneath the epidermis 
there- is a rapid piling up of cells about the droplets. The 
epith e lial cells nodgrate at first to surround and encapsulate tl*** 
drops of tar.- Even in the earlier stages one sees a dense yn**** of 
these cells about the droidets of tar. In-the earlier stages 
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cells nearest the tar show a shrinkage in size and often a degener¬ 
ation. Later, proliferatioiii becomes more actiye until a con¬ 
siderable tuxhoir of a prickle cell type, is often developed. 

In very few cases have I succeeded in introducing the second 
and following x>oxtionB of coal tar into the same locality as the 
first. Most of my experiments represent only the effect of one 
or a small number of doses of cOal tar, separated but close 
iiogether. 

In the connective tissue the tar produces the'same changes as 
•in the epithelial-structures. When introduced into the tissue the 
'fibers of connective tissue are pushed-apart to form a capsule 
about the drop. These do not increase in number. lu' one or 
%wo cases where the coal tar produced an early cellular necrosis, 
leucocytes and exudate accumulated. A thicker and more dense 
fibrous capsule may have developed in such cases. -In most 
.cases the capsule is merely the oiigmal fibrous tissue pudied 
apart by the introduction of the tar and the later shrinkage of the 
tissue. 

■ The action of coal tar is to draw fixed tissue cells to it and to 
fiestroy previous^ existing intercellular fibrils rather than build 
•them. The endothelial cells of the blood vessels are attracted 
apparently as readily as the fibroblasts and ^itheUal tissue. 
'About droplets of tar one frequently sees the whole tissue shrink 
■in size and pucker. This is shown in Fig. -9. 

In none of the sections have I noticed any evidence that coal 
tar stimulates the cells to grow. Coal tar acts to draw cells to it 
away from their blood supply. It acts on the blood vessels to 
‘destroy them throu^ the attraction of their endothelial oeUs 
from them. It acts to cause a degeneration of the intercellular 
fibrils. Near the more cellular epidermis large numbers of cells 
are so attracted to the tar. Proliferation is seen in these 
crowded masses of cells. In the less cellular coxmective tissue of 
adults fewer cells are collected together. In the more cellular 
mesenchymatous tissue of embryos more crils are collected about 
the droplets. Only in these more cellular masses*is there any 
evidence of cdlular proliferation. The number of cdls collected 
in eadi case is proportional to the original number of cells in the 
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tiasue about the tar and tibie amount of new ter introduced from 
time to time. The activity of the tar always decreases. A 
sin^e drop soon becomes inactive. The tissue formed about it, 
uidess it is very cellular, suffers slow degenerative change of a 
hyaline ziature. 

Cocheeta and the Migrathn of Coed Tar in the Tiaeuee 

Burrows (25) in a sories of experimmits on body fats has been 
aide to give direct proof that the taking in of fat by body cells is 
l^iesultcltheadsozptionof ergrusisby thefats. He has found 
l^t fats in the blood stream inhibit cell migration as they are 
dragged into the cell. Droplets of fat taken from the cell may 
cause coagulation, stick to fibrin and repelled cells while they are 
losing the ergntsia whi^ th^ have adsorbed. These fat droplets 
from the c^ migrate in a maimer to cells in the culture. 

Ih the body a substance whidi takes up ergueia should aIha 
cause marked nutritional disturbances of the ftniynn.!- in a 
special series of experiments it became of interest, therefore, to 
study the later behavior of coal tar in the tissue and its general 
quantitative effect on the animal. Earlier authors had noted 
that cancer is not induced by sineds injections of tar. It was 
interestinjg to me to note that single injections of tar into the 
Efuboutaneous tissue of rats cause only hyaline scars while more 
cellular masses result in the areas where more and more tar was 
successivdbr introduced. The action of the singde injections of 
the tar was always limited like any substance becoming saturated 
and rims becoming inactive. In a certain number of these 
tumors the tar disappeared. In others it remained within its 
capsule. 

In the experiments cited above I injected only 1 cc. of tar at a 
rime. Larger doses of coal tar (10 cc. in an adult rat) I find t-nia 
the a nimal s within 2 to 3 days. Slightly smaller doses cause an 
intense cachexia with eventual death. 

As I pointed out above. Burrows has found that t h e proteins 
and fato of the blood vessels do not contain ergtteia. They 
adsorb it readily from the cells. In sections of coal tar tumors 
removed after thirty days the tar was found often in blood 
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vess^. In some oases this tar had been introduced directly. 
In others it had migrated apparently into these vessels at a later 
time. Where it was directly iotroduced the endothelial cells 
were degenerated and there was an increase in cells about the 
vessels. In older specimens where it had migrated into these 
vessels it had little effect on the endothelial cells. 

In other experiments I removed the hair from the axillary 
region of a series of white rats, scarified the denuded area and 
painted it with coal tar to determine if the product would be 
transported by the capillary or lymphatic route. After 30 days 
(5 paintings) the area kept denuded by application of sodium 
sulphide and scarification repeated each time, lymphatic like cap¬ 
illaries were found filled with tar. 

In a large number of rats I have studied carefully the bdiavior 
of the tar grossly, in specimens where it was injected subcu¬ 
taneously. In very few of the tmnors removed early did I 
observe any migration of the tar. It was after several weeks 
that I found it invading the veins (Fig. 12). In a few cases it 
migrated in these vessris to the lungs and distant organs. 

Thus, in another series of animals I injected 2 cc. of olive oil 
and india ink, subcutaneously in the axillary region to further 
determine the transportation of these products through vascular 
routes. The resultant phenomena was the same as noted in the 
previous experiments. In the subcutaneous areas the tar 
invariably entered the veins. On the surface of the skin it 
sometimes entered the lymphatics, as the cells of carcinoma tend 
to migrate into the lymphatics rather than in the veins. 

Doctor Tobias working in conjimction with me in this labora¬ 
tory a year ago studied the action of intramuscular injections of 
large amoimts of coal tar. In a small series of adult rabbits 
(2,600 to 2,800 gms. in weight) he injected 15 to 40 cc. of coal tar 
subcutaneously into the costal and dorsal regions of these 
animals. Death resulted within 2 to 4 days after the injection. 
Autopsies showed an extensive infiltration at the site of injection 
and throu^out the subcutaneous tissue. In one case acute 
inflammation and edema was noted. No puncture wounds in 
the abdonoinal wall were observed in any of these cases, yet the 
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peritoneum and visceral cavities often became filled with, the 
coal tar (unpublished notes). 

DISCUSSION AND CONCLUSION 

Previous authors have shown definit^y that sarcomata and 
carcinomata may be produced by injecting c^al tar. This coal 
tar is the cause of the cancer only in so far as it induces changes 
which allow the cells to grow. Cancers once induced by coal tar 
continue to grow to the destruction of the animals independent 
of the tar. 

In previous work Burrows had failed to find the cancer ceU to 
be different from normal cells of the same type. In the tissue 
culture, body cells will not grow when merdly supplied with 
ample food and oxygen. Growth depends also on their being 
crowded together so that the qrchusia, a certain product of their 
metabolism, can accumulate about them. An active circulation. 
or a separation of the cells either prevents the formation of the 
archusia or its concentration about the cells. Crowded masses 
of cells he found not only able to grow, but they prey readily on 
other cells for the substances necessary for their growth. Among 
the numerous experiments carried on in this direction he studied 
the effect of continuous pressure on areas of the normal skin of 
rats. This pressure always led to atrophy, degeneration and 
ulceration. In other experiments he first stimulated tlio o])i- 
thelial cells of the epidermis and glands of the skin to grow and 
increase per unit area in the tissue. C'Ontinuous pressure on 
such a skin was associated with a delay in the atrophy tuid 
ulceration or it led to the production of cancerous ulcers. ('ancetr 
as he saw it, was the result of anything which led to the pro])er 
increase in cells in a given area and a proper reduction in the 
blood supply of this area. The energy of body cells is at all 
times proportional to the concentration of their archttsia about 
them. This concentration is maintained or controlled entirely 
by the environment. 

The problem to solve in these experiments is how does coal tar 
act to produce cancer. In the above experiments it has been 
shown that the primary changes are a movement of fixed tissue 
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cells towards the drops of viscid tar. The tar does not act to 
stimulate growth but to attract cells to it and away from their 
blood supply. Growth is a secondary phenomenon which 
intercedes only when the cdUs become sufficiently crowded about 
the coal tar and their vascular supply sufficiently reduced by a 
pulling away of the endothdiial cells of adjacent capillaries. 

The coal tar acts to attract cells only in that it dissolves the 
ergttsia of the cells. Its action continues until it becomes 
saturated with this substance. It may then be inactive in the 
tissue or if conditions are suitable it may migrate into veins 
which contain little of the ergitsia as any substance containing a 
surface tension lowing substance may migrate from points in 
the medium containing a high concentration of the surface 
tension lowering substance to points of lower concentration of 
this substance. 

In the sparsely cellular connective tissue of adults it is very 
difficult to collect together sufficient cells to produce growth. 
In the more cellular mesenchyme of embryos more densely 
cellular masses are easily brought together as they are easily 
produced in the more cellular epithelial structure of both adults 
and embryos. This failure to pull cells from the sparcely cellular 
tissue of adults is not due entirely to the few cells present but to 
the fact that they become exhausted of their ergusia and de¬ 
generate. In a few animals densely cellular masses were ac¬ 
cumulated by drops of tar. Tar becomes toxic for the whole 
animal and leads to cachexia through its ability to thus draw the 
ergusia to it. 

It is not surprising therefore that the authors should have 
found that cancer can be produced only by continuous appli¬ 
cation of coal tar over a long time. It is again not surprising 
that carcinomata are more easily produced in adults than 
sarcomata. The hyaline scar tissue noted by Mook and Wander 
about drops of paraffin oil in patients is the normal outcome of 
single or even repeated injections of coal tar into the subcu¬ 
taneous tissue of adults. 

The action of coal tar is purely physical in its nature. Kenna- 
way (27) has recently attempted to find a growth stimulus in 
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coal tar. He failed in these endeavors but finds that coal tar 
distillates coming off at or above 265° C are the only ones which 
produce cancer in animals or in man. As I have pointed out 
above, it is necessary for cells to be so drawn together that the 
adsorbing medium be held in one place with sufficient tenacity 
to overcome the inertia of the moving cell. More mobile oils are 
drawn to the cells. Recently Burrows and Johnson (unpub¬ 
lished notes from this laboratory) have found that vegetable oil, 
such as corn oil, will produce the same reaction in tissue as coal 
tar. There is no reason to believe that the corn oil contains 
chemically active substances similar to the coal tar while it may 
have the same solvent action. 
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EXPLANATION OF PLATES 
PnATB 1 

Fig. I. A low power miorophotograph of a section of adult rat tissue 4 days after 
an initial injection of coal tar. 

Fio. II. A low power microphotograph of a section of adult rat tissue 18 dajys 
after an initial injection of coal tar. 

Fig. III. A hi^^ power microphotograph of a section of adult rat tissue 90 days 
after an initial injection of coal tar. 

Figs. IV and V. A low and high power microphotograph of a section of an experi¬ 
mental embryoma 30 days after injections of coal tar. 

P14ATB II 

Fig. VI. A low power microphotograph of a section of an experimental embryoma 
2 days after injections of coal tar. 

Fio. VII. A low power microphotograph of a section of an e^qierimental embry¬ 
oma 30 days after injections of coal tar. 

Fig. VIII. A low power microphotograph of a section of adult rat tissue 30 days 
after a single injection of coal tor. 

Fig. IX. A low power microphotograph of a section of adult rat tissue 180 days 
after injection of a few drops of coal tar. 

Fig. X. A high power microphotograph of a section of adult rat tissue 260 days 
following a single injection of coal tar. 

Flats 111 

Fig. XI. Drawing of section shown in Fig. VI. 

Fig. Xll. Drawing of gross specimen—60 days after injection of coal tar under 
skin of adult rat. 
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As £he importajoit px«ili3em la the stucj^ ai. caacer Is the nature of 
poaditiaas whidx xegg^olate Ihe aomul gscmth of odls in the. oxgaaisni, 
it hernB M BB neoessasy to study; an vetetiaaDi to tiume rhnnges hacoatjkit 
about by coal tar, the conditjons-awl sidbBtaaoeB whkhpnmiaite.nor- 
nuA growth. In previous pa pe r s (1) Ilucve studied the actroai of coal 
tar in adult and enihxyoiiic tissues of the xat. Hiese ammals were 
£ed on a balanced dietary throughout the ecq>eiiinents. Fallowing the 
same procedure and technique, ha so far as the mtrodnction of coal 
fag into liietfesne is concerned, I have nuadified the dietary in the feed- 
ing of a series of rats and studied the tissue changes produced by coal 
tar as affected by these oonditicaas. 

In the previous paper k had been shown that the chief effect of coal tar on the 
cells and' oxgaxuam. is destructive rather than constructive. 'When dxqps of coal 
tax are mjeeted into the aobcutaneous tasue they attract the tissue cells to them 
from a -wide area about them. As these cefls iM've the blood -vessds and inter- 
odlular fibzSa of the oannective thane the interoelhihur substances suffer not only a 
losBiff their'CdJs, but hyaline-like changes. The odls as diey migrate to the edge 
of the tax round off, their nudei and ^toplasm stain less shaxidy. Many of the 
first cells to arrive suffer a conqplete granular degeneration. 

When a sufEicieint quantity oi coal tar is injected Into the subcutaneous tissue of 
an the oelb not onbr nndergo this nngratum and diow 'these degenerative 

cfaaiqses, tet the whole animal sofieis & loss of weight, cadieiaia-lihe changes, 
and often an evenbial dea&. The chaages^occurimg in these wnhnals as they ate 
seep in the gpooss, axe not unlike those that occur in animals with raindly growing 
nmligpuaxt ttonon. Many of the -eaxlier authors had already noted that lipoid 
abhreats act to osnae a death of the odDta rather tium any atimcdsction of than. 
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Such observations are seen in the articles by Bullodk and Rohdenburg (2) and 
Chaznpy (3). These authors had thought, therefore, that the action of these 
substances in the production of cancer is lar^^y one of destruction with secondary 
regeneration. How the substances cause the degeneration and effect the general 
nutrition of the ]iad not been determined, however. 

The action of a single drop of coal tar is always limited. Its acts to produce 
the changes noted above for only a short period of time. Its action is greatest at 
first, then it gradually wanesl It acts, therefore, in the tissue like a substance 
whuh dissolves some important constituent of the cell. Those cells which arc 
drawn to the edge'of these droplets of tar surround it as a continuous cellular layer 
one or many cells thidc. After the tar has ceased to be active those of the cells 
whidi are not completely destroyed become active again. Their nuclei and cyto¬ 
plasm stain more sharply. In the sparsely cellular tissue of adults a single in¬ 
jection of coal tar tardy ever draws more than a few cells to its pcrix»hery. In. 
the more densdy mesenchyme of embryonic tissue and near the epidermis 

of adults nuuoy more cells are attracted. Where a laxgc number of ch)11s are ciowdc^l 
together about the tar they show growth and multiply as they recover from the 
primary effects of tar. Where only a few are attracted to the edge of the drop, 
they never show any growth, but slowly develop new intercellular substances and 
the whefie eventually reverts to a h 3 ^aHne acax. 

The cells that more to the edge of the coal tar are the cells which arc present 
in the tissues immeiliatdy about it. Th^ are endothelial cells, fibroblasts, cpi- 
thdial cells, leucx>cytes, and other wandering chlls. With each new addition of 
coal tax more and more cells are attracted to the tar. With these rcpcatcnl appli¬ 
cations of tar the tissue about suffers much more exaggerated c:hangcs. Most or 
all of the cdls in the nearby tissues are drawn to the tar. The surrounding tissues 
Basaaie a hyaline appearance peculiar to tissue about actively growing cancers. 
In the more densdy c^cUular masses accnzmulated by frequent applications of tar, 
growth and mitosis of cdls intervene and cancer develops. 

In studying these various effects of coal tar, it has been interesting 
to note that different animals respond differently to the injection of 
this substance. In a number of cases all the cells degenerated when 
they moved to the tar. In other cases they withstood the action of 
the tar and formed a dense cellular collar about each drop of this sub¬ 
stance. ^ Other authors have noted similar variations in these cellu¬ 
lar responses in that cancer developed more rapidly in some of their 
a nim als, but no one has explained these variations. It became of 
interest, therefore, to investigate them in regard to the general state of 
nutrition of the animals and the diet they received. 

For all these eaperiments young healthy actively g^wing animals have been 
used. The diets given them were modifications of those used by former workers 
on vitanunsr-KJoWWatt (4), Gross (S), Zolva (6), Hume and Smith (7), Bond (8), 
Hddy (9), and McCoUum (10). It was important to note carefully if disturbances 
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in nutxition and the arrest or retardation of growth was due to vitamin de¬ 
ficiencies in these diets, or due to non-palatability, or decreased oonsuxnption of 
food. Results due merdy to lack of food intake were discarded. 

The chief immediate index to the effect of any particular diet is the gam or loss 
in weight of the animal. Repeated weig^ungs were carried put during the course 
of the experiment. The injections of coal tar into the animal were regulated as 
to time and amount on the basis of the weight curves and study of tissue 
changes, after deteiinining the effect of similar quantities of tar in a series of ani¬ 
mals fed on an ordinary normal diet. 


DUts. 

1. Balanced ration. 

Egg albuxnin scales (findy ground).25 gm. 

Potato starch. dO " 

Butter. 15 ** 

Salt mixture (McCollum). 5 

Lemon Juice.;.5 oc. 

Vtgfia!* . 5 gm. 

2. Moderatdy higpi m vitamin A. 

Egg albumin scales.25 gm. 

Potato starch.40 “ 

Butter.25 ** 

Salt mixture. 5 

T^emon juice.5 oc. 

Vegex. 5gm. 


2. s. "High in vitamin A. 

Cod liver oil, 5 cc., added to (2). 

3. Deficient in vitamin A. 

Crisco substituted for butter in (2). 

4. High in vitamin B. 


Egg albumin scales.25 gm. 

Potato starch. 40 “ 

Butter. IS " 

Salt mixture. S 

Lemon juice... 5 cc. 

Vegex.10 gm- 

5. Deficient in vitamin B. 

Vegex not included in the ration (4). 

6. High in vitamin C. 

Egg albumin scales.25 gm. 

Potato starch.40 “ 

Butter.IS '' 

Salt mixture. S “ 

Vegex. 5 « 

Lemon juice.-.10 cc. 

7. Deficient in vitamin C. 

Lemon juice not added to the ration (6). 


* Vegex is the source of vitamin B and a product furnished by the vitamin 
Food Company, Ihc., Westfidd, Mass. 
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exfbbugbmtax data. 

150 white rats were used in this eq>erimeQt. Th^ were divided 
into series, each series being made up of animals of practically the same 
age and weight. All were from the regular brother and sister strains 
of stock that has been bred in our laboratory during the past 5 years. 

For the study of tissue changes aroimd the partides of coal tar 
introduced under the akin, animals from each series were lulled and 
autopsied at regular intervals of 2, 15, 30, 45, and 60 da 3 rs after the 
injections of tar. A number of animals were kqpt for a longer period 
of time and some were autopsied and sections made of the tumor when 
the animal died as result of Ihe deficiency diet. In other cases biop- 



Deys 5 10 15 20 25 30 35 40 45 

—Hich vitamin B diet. 

—Low vitamin B diet. 

"•Balanced diet. 

Texx-Fio. 1. Curve showing changes in wdg^t before and after the injection 
of 5 cc. of coal tar into three rats on a high vitamin B, deficient vitamin It, and 
balanced diet respectivdy. 

sies were made horn anim a ls under ether anesthesia. A certain num¬ 
ber in each series will be kqpt for a long period of time and findings 
reported later. 

Discussion of Weight Curves. 

The weight curves are practically seLf-ezplaQatoiy and need empha¬ 
sis only in regard to a few points of particular interest. Taking into 
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Gonsideratioix the weis^t of the anttnaJ aod the amount of coal tax 
injected over a period of time, the weij^t curves of the animala on a 
d^cient vitamin B and a hij^ vitamin B diet are practicaJly identical 
(Tezt^. 1). There is a defixute decrease in wei^t after each injec¬ 
tion of coal tar and the composite growth, curve follows a line almost 
paralldL to the base lixxe. The anfmals on a balanced dietary lost 



■■ ' " -High vitamin A diet. 

.Balanced (stock) diet. 

TExa>-Fio. 2. Curve Showing changes in wdis^t before and after the inject^ 
of 6 oc. of coal tar into two rats on a hi^ vitamin A and a stock (balanced) diet 
xeqjectively. 

weight after each injection of coal tar, but they increased in wei^t 
gpradually, not as rapidly, however, as an animal that has not been 
injected with coal tar (Text-fig. 2). 

Animals fed tbo deficient vitamin A diet lost weigjh^ rapidly after 
tbft iTijftf.t-inTi of coal tar, even after as small amount as 1 cc., and whm 
♦Tia amount was increased to 3 cc., the animal died within a few days 
or even earlimr. On the other hand, in the series receiving a hi^ 
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vitamin A xation the weight curve was little affected by the injections 
(Text-figs. 3 and 4). 10 cc. of coal tar did not always kill these animals, 
A deficiency in vitamin C gives a wdg^t curve similar to that of a 
balanced dietary. The withdrawal of this vitamin has no effect on 
the reaction of the animal to the tar. 



Days 5 10 15 80 25 30 toya 0 tO 15 20 25 30 


Text-Fio. 3. Tsxi>Fio. 4. 

■ ' H igh vitamin A diet. 

————Low vitamin A diet. 

3. Curve ahowing dhanges in wei^^t before and after the injection 
of 3 cc. of coal tar into two rats on a hij^ vitamin A and a low vitamin A diet 
leapectiveiy. lUts on a low vitamin A diet died (D.) quickly after injection. 

Tbxi>-Fio. 4. Curve ahowing changes m weight before and after the injection 
of 5 cc. of coal tar into two rata on a high vitamin A and low vitamin A diet 
reapectively. 

Discussion of Tissue Changes. 

In a previous paper (1) I discussed the tissue brought 

about by the introduction of coal tar into adult and embiyonic tissue. 
The series of anima ls on the balanced ration dietary in this experiment 
presented tissue changes of the same character. There may be an 
earlier cellular degeneration and hyalinisation in the tumors taken from 
the animals fed on the diet deficient in vitamin B but it is not marked. 
There is no cell activity* after the 10 day period (Fig. 1). 

In the anima ls fed on a high vitamin B diet, the collar of tissue 
about the coal tar is more dense. Cdls have been attracted from a 




LOtnS B. JOSL8XAD 


227 


widOT zone thaA in the case of ani-mala fed on a balanced ration or. one 
deficient in vibsmin B. Activity is not maxfcedj but fha ^^nnla-r 
content of the collar is greater than can be accounted for by a mere 
drawing in of cdils from the surrounding tissue. From 15 to 20 days 
after the injection of tar, degenemtion and hyalinization have tAlfftn 
place (Fig. 2). 

The striking feature of the tissue changes brought about in the defi.- 
cient vitamin A animals is the q>axdty of cdlsin thezone about the coal 
tar. The cells have been attracted from the surrounding tissue, but 
these cdls have suffered a marked degeneration in their migration to 
the tar (Fig. 3). In only one case did th^ diow even slight activity. 
All of them duivdl and breaJk up at an early period. 

In the animal s fed on the normal diet of the laboratory,, on the spe¬ 
cially pr^ared balanced diet, and one deficient in vitamin A or B, or 
hi^ in vitamin B, the coal tax tends to remain in large drops as it was 
injected into the tissue. It is quite different in this regard from the 
com oil described by Burrows and Johnston (11). In most cases the 
com oil breaks up quickly into numerous small droplets. 

In the animals fed on a diet hi^ in vitamin A this picture changes. 
The coal tar breaks up quiddy into a large number of small droplets 
(Figs. 4 and 6). These are found scattered in a densdly cdlular tissue. 
In a few of the sections removed from animals fed a balanced ration 
the periphery of the drop of coal tar is partially broken up by the 
cells. The picture is quite different, however, from the complete 
breaking up of the drop in the animals fed a diet high in vitamin A. 
The cdls about these droplets are large and contain wdl formed, 
sharply staining nuclei. Many of them are dividing by mitosis. 
This picture is most marked in the 15 to 30 day specimen (Fig. 5). 
After this period certain portions of the tissue surrounding the droplets 
undergo hyalinization, cellular activity continuing only in scattered 
cell nests. These cell nests present the picture of early sarcomatous 
changes. The collars of cells about the individual droplets are much 
larger t.Via.n in animals fed on other diets. They are often thirty cells 
thick. 

DISCUSSION. 

In my previous paper (1) I had shown that coal tar acts on the organ¬ 
ism to cause cachexia-like changes. Dn^s of coal tar placed in the 
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tissue attract the fixed tissue cdls to them from the surrounding tis¬ 
sues. Th^ do not stimulate these cells to grow but the cdUs suffer 
partial or complete degeneration in this reaction. This action of the 
tar is not continuous, but limited to a short period of time. After the 
tar has ceased to be active those cdls whidbi have not degenerated 
completdy recover from the action of the tar. Where the cells have 
become densdy packed together about the tar active growth and 
division of these cdls intervene and cancer devdops. Where only a 
few cdls are cdOected by the tar or only a few survive its action they 
form oooly a hyaline scar. There was no evidence that the tar acted, 
at any time, to stimulate the cdls to grow. It acts as a simple solvent 
of lipoid elements in the cdl. The degeneration in the cdls and the 
cachexia may be the direct result of the removal of these lipoids by the 
tar. 

Burrows (12) in his studies of body cdls in the tissue culture has 
shown that these cells have many features in common with yeast and 
other unicdlular organisms. Th^ can grow ind^endently as in 
^Tirwr only when they are crowded together in a stagnant area where 
certain piunaiy products of their metabolism can accumulate about 
them. They differ from many of the other unicdlular organisms in 
that they have no special mechanism for migration. They migrate 
ty liberating a surface tension-lowering substance absorbed only by 
protdns and fats. They can move only into proteins and tuwanls 
larger droplets of fat which absorb this surface tension-lowering sub¬ 
stance. The primary substance which must concentrate about these 
cdls for them to become active is a water-soluble substance formed by 
them in proportion to the osygen absorbed. It has been called the 
ardmsia (S). The surface tension-loweting substance has been called 
the ergusia. This latter substance is not liberated by the cell under 
all omditions, but only when the ardiusia (S) reaches a certain con¬ 
centration (SO. It is not re-formed in the cdl until the archusia 
reaches a still higher concentration (8$) or when the cells grow and 
divide. Coal tar dissolves the ergusia. 

Body cdls cannot retain the archusia. They can grow only when 
it is extracted from other sources and added to the medium or when 
they are crowded together in a stagnant medium from whidh it cannot 
escape. In the normal organism the archusia does not reach a con- 
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centiatioii coDsiste&t for growtli and re-fonnatio]! of exgusia. 
Tlie question axose as to how these cdds in l^e nonnal organism sur¬ 
vive under such conditions. Is their mechanistn for growth diSermt 
from that in the culture, or do the^ obtain a supply of these substances 
from other sources? It seemed possible that certain of the vitamins 
were none other than these two essentials supplied by other growing 
a n i nia . l s and plants. To test this conception it became of interest to 
see the effect of coal tar on auiTnals fed on a diet rich in one or the other 
of the various vitamins. These studies have ^own that a diet rich in 
the water-soluble vitamin B stimulates the growth of these cdls just as 
the archusia stimulates the cdls in the culture, while the fat-soluble 
vitamin A protects the anhnal and the cdls against the destructive 
action of coal tar or the loss of the ergusia to it. 

In the light of these facts it has been possible, therefore, to draw the 
following condusions. 

SUiaiAKY JOm CONCLtrSIONS. * 

Drops of coal tar introduced into the subcutaneous tissue attract 
the fibroblasts, endothdial and other cdls to them. These cdls suffer 
degenerative changes through this action of the tar and the ammal 
suffefs cachectic-lihe changes and death from large doses of it intro¬ 
duced into the subcutaneous tissue. This action of the coal tar is 
limited to a short period of time, after which it becomes inert. The 
cells which have been drawn to it and which have not completely 
degenerated then slowly recover. Where large numbers of these cdls 
are drawn to the tar they grow and divide after recovering from the 
initial effects of the tar. Cancer may devdop. Where only a few 
cdls are drawn to the tar they lay down interceUular fibrils and a scar 
eventually develops. Vitamin A fed in more than ample quantities to 
these animals protects the animals and the cells against the toxic 
action of the tar and stimulates and prolongs their secondary growth. 
Vitamin B stimulates the secondary growth of these cdls. This 
action is limited in extent and time. It is followed by an early degen¬ 
eration and hyaJinization of the tissue. 
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EXPLANATION OP PLATES. 

The figures are jdmtomicrogia}^ of sections of tissue of adult rata, showing 
the odhilarchangro about dre^ of coaltar. Each series of animals was placed on 
the different diets 30 days before the injectioa of the tar or oil. 

PlAXB 7. 

Fco. 1. Moderatdy low power j^otomicrograph Growing tissue changes 30 
days after the injection of coal tar into the subcutaneous tissue of a rat fed on a 
diet deficieat in vitamin B.- 

Flo. 2. Moderately low power {fiiotomicrograifii showing tissue changes 30 
days after the injection of coal tar into the subcutaneous tissue of a rat fed on a 
diet high te vitamin B. 

PXATB 8. 

Fm. 3. Moderately low power photomicrograph showing tissue changes 28 
diqm after the injection of coal tar into the subcutaneous tissue of a rat feti on a 
diet deficient in vitamin A. 

Eto. 4. Moderately high power {diotomicrograph showing tissue dianges 30 
days after the injection of coal tar into the subcutaneous tissue of a rat fed on a 
diet high in vitamin A. 

PXATB 9. 

Fca. 5. A higher power photomicrograph of the same section as that shown in 
Fig. 4. The striking picture is the numerous mitotic figures as compared to sec¬ 
tions taken from the rats on the other diets. 

Fro. 6. A bw power photomicrograph diowmg the breaking up of the coal tar 
into small drxgdets in the tissues of a rat on a high vitamin A diet. The section 
was taken from the rat 30 days after injection of the tar. 
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PLATE a 



(JoisUcl: Reaction induced by coal tar in daBuea.) 







becoming^ saturated, wil^ the It is ou this 

^cteouut that single drops o£ tar caxiuot produce can¬ 
cer. Several applicatious are necessary to draw suffi- 
cells tofi^ether ■ for them, to retain suf&cient 
Sfrowth energy to overcome the resistance of the 
Dodar. 
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Since these cells cannot retain their archusia ex¬ 
cept in stagnant environments an ind^endent 
growth of them depends on a crowdi^ of the cells 
and stagnation. Such are the conditions existing 
only in cancer. Coal tar dissolves the ergusia of the 
cells. Viscid drops of this substance placed in the 
tissue draws the tissue cells to it away from their 
intercellular substances and blood vessels. In doing 
so the cell suffers certain degenerative changes from 
the loss of their 0 rgusia. Jorstad has shown that 
coal tar produces cancer only in that it thus builds 
about itself a dense mass of cells poor in blood ves- 
s<ds. It does not stimulate the cells to grow« but as 
they become massed together and the archusia which 
they form stagnates about them» th^ assume the 
power of ind^endent growth. 

In the normal organism the cells cannot grow 
unless supplied with from other sources. 

We have noted that the ceirs- activity is dependent 
on the presence of two substances, the archusia, a 
water soluble substance, and the ergusia, a fat soluble 
substance. These correspond, as far as these solu¬ 
bilities are concerned, to vitamins B and A, respect¬ 
ively. The q^iestion arose are not the vitamins A 
and B essential for the normal life of hij^her ani¬ 
mals in that they are the same as the ergus%a and the 
archusia, respectively, or are essential in the forma¬ 
tion of these substances. In a paper at the last meet¬ 
ing of this society, we showed lhat extracts rich in 
archusia act as vitamin B when fed to animals. It 
has been possible to test the relation between vitamin 
A and the srausia in these experiments of Jorstad 
on coal tar. Coal tar absorbs the ergusia of the cell 
and causes them to show degeneration in the normally 
fed animal. It is toxic in small doses. In animals 
fed on a diet rich in vitamin A, Jorstad finds the 
cells do not degenerate and that these animals can 
withstand four times as much coal tar as animals 
fed on a diet poor in vitamin A. 

It has thus been possible to come for the first 
•time to some understanding of the nature of 
vitamins. Lipschitz smd others have noticed that can¬ 
cers do not develop uniformly in suiimals repeatedly 
painted with coal tsir. What causes this individuality 
in the reactions of animals has been a question of 
discussion. It is possible as these experiments show 
that it is related to the srgusia content of the cells 
of the animals treated. Those rich in ergusia must 
suffer cancerous degeneration more readily than 
others in which the cells will degenerate rather than 
grow when drawn to drops of coal tar. The growth 
of the cells about the tar is a response to their be¬ 
coming crowded together rather than any stimulation 
by the tar. The tar tends to decrease rather than 
increase their growth response. The cells rich in 
^ recover readily at the tar border, because 
this action of the tar is limited in each case to its 
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Sprowth about the coal tar iu this tissue is more 
marked. 

In tissue with a higph conccSntratioii of vitatnin 
coal tar causes an attraction of cells from a wide 
urea, but in no such proportions, as in the cases 
where the animal contains a hish content of 'vitamin 
A. Xhese cdls show, however, a greater tendency 
to STOW t h a n in the animals with a low vitaxnin B. 
It bxinfips about a set of conditions in the body similar 
to that seen in the tissue culture when oirchiusw is 
added to the medium. 

In tissues with a higph content of vitamin A, the 
droplets of tar become di^ersed into the tissue. Ap¬ 
parently this tissue is saturated with srpnsfd: the 
tar does not destray the cells which it attracts to it. 
Xhese cells remain active for a longp time. In the 
mass of c^ls.the tj/rchusia accumulates and they 
ffrow as a result. In tissue with a deficient amount 
of vitamin A, the cells degenerate as they migrate to 
the tar. 


inscussxoM’ 

Da. hCoiVTBOSE X. Buaaows: In our earlier studies 
it has been possible to show that body cells have no 
special mechanism for mifipration. Xheir migratory 
activity is an adaptation of their s^owth reacticm. 
It has been possible for us to analyze the mechanism 
of the sprowth reaction of bod^ c^ls in the tissue 
culture.: Xhey show a simplicity of structure not 
noted in other cells. Xhe body cells cannot migprate 
under ordinary conditions into a water medium, but 
only into proteins and fats. Xheir movements are 
accomplished by their liberating a substance which is 
readily absorbed only by proteins and fats. Xhis 
substance I have named the erpMMo. It has strongp 
affinities for the cell as well as proteins and fats in 
the environment. hfobile proteins and fats are 
drawn by it into the cell. Xhe cell is drawn into 
fixed masses of proteins and toward largper masses 
of faV which have a gpreater inertia than the cell. 
Xhe first reaction in the cell is known as ingpestion, 
while the latter is known as migpration. Xhis erffusia 
is not liberated by the cells under all conditions, 
but only when another substance, the archwsia, 
reaches certain concentrations about the cells. Xhe 
archissict is formed in the normal oxidative reaction 
of every cell. It is soluble in isotonic NaCl solu¬ 
tion, in serum and^ in blood. 'The^ body cell has no 
means to retain this substance in it. ^ Its concentra¬ 
tion is determined always by the environment. Xhe 
€Mircus%a (S) in low concentrations has^ no^ effect. 
In sligphtly higpher concentrations (it liberates 
the srpMrto—the cell stores proteins and ^ fats or 
migprates toward food. In higpher concentration CS*) 
the c^l not only migprates and takes up food, but 
digpests these proteins and fats and gprows. 
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2. VITAMIN FEEDING AND COAL 
TAR STIMULATION.—By Dr. L. H. 

JORSTAD. 

From a study o£ the tissue culture. Burrows has 
shown that the growth of body cells depends on the 
formation and a certain high concentration of a 
primary oxidative product of body cells. This sub¬ 
stance is not retained by the cell, but is readily 
washed away by the blood, serum or salt solution. 
For cdlls to grow independently, they must be 
crowded together in a small amount of medium, 
anally supplied with food and oxygen. As this 
primary oxidative product, the archusia, conccn- 
trateS| the cells liberate another substance, the 
ergusia, which^has strong affinities for fats and pro¬ 
teins. As tjfie ergusia is liberated by the cell, small 
mobile particles of fat and proteins are drawn into 
the cells. Larger masses of these substances draw 
the cells to them. While the cells of the body can 
grow independently only when they can form and 
retain a large amount of their own arehusia, they can 
be made to grow dependently by supplying them 
with wchusia from other sources. In the normal 
organisms the growth is dependent. Xn cancer the 
cells arc crowded and the circulation relatively re¬ 
duced, the growth is independent. Anything that 
can primarily build such a tissue can form cancer. 

I showed in an earlier paper that drops of coal tar 
form ^such a tissue organization by dissolving the 
ergusia of the tissue cells and drawing them into a 
crowded mass about its periphery. Fresh drops oi 
coal tar take so much ergusia away from the cells 
many degenerate and the organism is often 
mlled. I wondered whether the fat soluble vitamin 
A may not be important in forming the ergusia of 
ttie cdl. I fed animals on a diet of deficient vitamin 
B, deficient vitxmin A, high vitamin A, high vitamin 
B, and on a diet very rich in vitamin A. The ani¬ 
mals fed^ on a diet rich in vitamin A withstand 
javeral tunes ttc lethal dose of coal tar for tliose 
A ^ poor in or which contains no vitamin 

^ The absence or presence of vitamin B has no 
effect on the toxicity of coal tar. 

Experimental embryomata are more cellular and 
poorer^ in blood vessels than adult tissue. The 
archus%a is present in greater quantity. The cellular 



THE ACTION OF OILS IN THE PRODUCTION 

OF TUMORS 

WITH A DEFINITION OF THE CAUSE OF CANCER * 
MONTROSE T. BURROWS, M.D. 

AND 

CHARLES G. JOHNSTON, M.D. 

ST. LOUIS 

In 1906 B. Fischer introduced drops of a saturated solution of 
scharlach r in olive oil directly under the epidermis of the ears of 
rabbits. He notes that the epithelial cells grew down to surround these 
oil droplets. The histologic picture of this growth of the epithelial cells 
rcscinble<l epitheloid cancer in many cases, but these formations always 
ceased to proliferate and regresssed after a time. Reinke introduced 
drops of ether into the eye of salamanders. A growth of cells was 
induced by the presence of this sitbstance. He transplanted this new 
growth to the peritoneal cavity and found it continuing to proliferate for 
a time. While succeeded in inducing epithelial activity with drops of 
t>leic acid, an<l Stroher and Wacker with Sudan 111, indol and skatol. 
Benthin usist .several such materials, and Bullock and Rohdenberg and 
otlu‘rs have tried the eilect of introducing scliarlach r into various 
internal organs. In each instance these authors noted the same result: an 
encompassing of the oil with cells, certain gnides of degeneration and 
])rolireration, then a gradtud regression of the newly formed tissue. 

While there seemed little doubt from the.se experiments, as Wacker 
:ind others have pointed out, that certain lipoid solvents may excite 
(‘pilhelial growth, there was no evidence tliat they could excite true 
cancer.' tin the other hand, it liad long lieen known tliat certain 
workers cxpo.sed continuously to the action of soot (chimney sweeps*) 
and the action of other coal tar jiroducts are particularly predisposed to 
<Uwelop cancers of the skin, and tliat these individuals develop their 
cancers in localities of the skin where the soot or other substances are 
pre.sent frequently over a long period of time. Yamagiwa, appreciating 

*From the Research Laboratories of the Barnard Free Skin and Cancer 
Hospital, and the Department of Surgery, Washington University Medical School. 

1. Ewing, J.: Neoplastic Diseases, Ed. 2, Philadelphia, 1922. 

2. Potts, P.: Surgical Observations, London, 1775. 
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the significance of the observations of Ji. b'ischer ami the rclalion of 
these observations to the devcloimieiit of cancer in cotil tar \vorki;rs. 
noticed that the difference between the cxi>eriiiients ix.‘rfonne<l and the 
development of cancers in men exposed to lipoiil solvenls is that the 
animals studied received only a sinfrle dose while the men developing 
cancer were often irritated repeatedly by these substances for nuiny 
years before their cancers apixsarcd. 

Yamagiwa and Ichikawa ^ then undertook the sttuly of the eiTect 
of repeated applications of cosil tar to certain restricted arciis of the 
skin of the ears of rabbits. 'Hiey found a piling; U]) and ]>roliforation 
of the epithelial cells of the skin after each iipplication. Very larjje 
papillomas developed in some instances. In others the ti.s.sue n<it only 
suffered proliferation but also an as.sociated deg;eneration and uk*c.rration 
after each application of the tar. Ivventually many of these tumors 
became cancers and metastasixed. Since that time many work(>rs luivc 
succeeded in producing carcinnims by rei)enle<lly painting coal tar on 
certain areas of the skin of nits and mice (Wogloin and Mtirniy,'' 
Fibiger," Deelman,* Lipschitx’ ami others). Other similar substances, 
such as Sudan III in olive oil and isiranin nil. have also givt^n similar 
results. How these substances act tn ])rodnce this disease has not, how¬ 
ever, been fully explained. Clowes’* suggested that these siihstaiices 
may act to initiate growth by dmolving the li]M>id memhrane of the c«‘11. 
Bullock and Rohdenberg” thought that these substances acted to d(‘stroy 
the cells. They notctl that many cells coining in contact with llu* tar 
d^eneratecl. They consi<lered that the growth followcil this priinarv 
death of the cells. Qianijiy’** has outlined ji similar theory. lie eon- 
eludes that the primary action of the tar is a deslriiciion of ee s. i nber 
cells then g;row to replace the <left‘ct from this loss of cells. The ei-lls 
thus continuously stimulated tn regenerate finally actpiire ib« properly 
of independent growth. 


3. Yamagiwa, K., and Ichikawa, K.: KxiK^riiiieiilal .Studies mi the I’aili.i 
genesis of Cancer, J. Cancer Res. *;1 (Jan.) IVIK. 

4. Woglom, W. H., and Murray, J, A.: I'xperinieiilal Tar t'ancer in Mi«-e 
Seventh _Sc. Rep. Imperial Cancer Res. Kund, 1.iind<in, PXil, p. 4‘). 

5. Fihigcr, J.. Rtat actiicl dcs rccherch<*s sur la iirodnetitin c*x]ic*riiiieiitale 
du cancer, Ics huts dc ces recherches et les prnhlemes qiii eii nreiiiient lenr 
origine, Acta chir. Scandinav. S5:34.1, 1922. 

6. Deelman, H. T.: Uclier die Histogenesis des Teerkrel)ses, /tselir f 
Krehsforsch. 19:125 (Oct.) 1922. 

7. Lipschitz, B.: UnterschniiKen iiher die Riitstehniig ties experiiiieiiiellc-ii 
Tecrcarcinoms der Mans., Zlschr. f. KrelKsforseh. 91:50, 192.1. 
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Other authors have searched for specific substances in the tar. 
Several by-products of tar have been isolated and studied. Kennaway 
.states that isoprene causes cancers to develop more readily than coal 
tar. Other substances also have been isolated and studied. Kennaway, 
in one of his analyses, finds that the viscid tar of horizontal retorts is 
more active than tlie tar distilled in vertical ones, and that certain 
by-products of tar are more active than others. 

It must be pointed out here that the more recent and older work on 
cancer has sliown that it may not only be induced by coal tar and other 
lipoid solvents, but also by a number of different conditions and sub¬ 
stances, such as roentgen rays, radium, certain animal parasites and 
bacteria; that it may follow long standing chronic inflammation, atrophy 
from any cause, congenital tumor and defects, and probably in certain 
instances other injurious agents. In many of these studies, it has also 
been shown tliat these substances are not responsible for the eventual 
course of this disease but are important only in inducing it. Cancer is 
evidently not a disease to be classed with the infectious diseases but is 
an active, independent growth of body cells. This primary gjrowth is 
the result of some primary change either in the cell or in the tissue which 
may be induced by any one of the various siibstances or conditions 
mentioned above. When this change is once established, the cells then 
continue to grow iiideflnitely at the expense of the organism and inde¬ 
pendent of the causative agent. While it is true tliat Yamagiwa and 
Ichikawa *' an<l later authors liave shown quite deiuiitely that coal tar 
ri;jK*aledIy a])]>licd to areas (jf the skin will produce cancer, the cancers 
once induced have in each in.stance then proceeiled independently of the 
lar. Many of these have been transplanted repeatedly to other animals 
and have contiiuic<l to grow artively long after the tar had c«)m- 
l)letely di.sapiK-ared. The same is true *if the cancers induce<l by 
animal parasites. .Several years ago, ICdwin Smith isolated a bac¬ 
terium, H. tmncfiu'u'us, from a cancerous growth in a plant. This 
orgaiiisni is easily cuUivatc<l in a nutrient medium ami will induce can¬ 
cers when injeete<l into other plants. Recently, Blunientlial, .\uler and 

11. Keiiiiiiwsiy. E. L.: Cancer Producing Substances from Isoprene, J. Patli. 
& Bacteriol. 27:2.13 (July) 1924; On Cancer-Producing Tara and Tar-Fractions, 
J. Tiidnst. Hygiene Si4G2 (April) 1924. 

12. Fibiger, K.: On Spiroptcra Carcinomata and Their Relation to True 
Malignant Tumors, with Remarks on Cancer Age, J. Cancer Res. 4:367, 1919. 
Bullock, F. D., and Curtis, M. R.: The Experimental Production of Sarcoma of 
the Liver of Rats, Tr. New York Path. Soc. 20:149, 1920. 

13. Burrows, M. T.: Is Cancer a True Disease or Merely the Result of a 
Qiangc in the Organization of the Organism? Radiology 4:407, 1925. 

14. Smith, E. F.: Studies on the Crown Gall of Plants, Its Relation to 
Human Cancer, J. Cancer Res. 1:231 (April) 1916. 



Paula Meyer *“ and Nuztun have isolate<l several organisms from 
human cancers. One of the organisms isolatetl hy the German authors 
resembled B. tumefaciens. Others were cocci. 'Hiey found B. inme- 
faciens capable of inducing cancers in both plants and lower animals. 
The other organisms they have isolated have produced cancers in lower 
animals. 

All malignant tumors do not contain such orgsinisms. Kven the 
most malig^nant tumors are often free from them. We have sought in 
vain to demonstrate bacteria in a rat sarcoma now being propagated in 
the laboratory. Jensen,*^ in studying the plant cancers induced by 
B. tumefaciens, has found that the bacteria are probably unimix)rtant 
in doing more than inducing the cfincer as cr>al tar, the roentgen ray and 
raditun induce it. He found that these hcicteria may di.sa])penr in these 
tumors after a time, although the tumor itself may be growing as actively 
as before. There is no evidence that the growth of the cancer induced 
by the action of roentgen ray and radium is due to the continuous 
action of the rays but to changes in the cells or tissues primarily induced 
by them. The same is true for the cancers of the stomach induce<l by 
the spiroptera‘“ and the sarcomas noted hy liullock and Curtis’® to 
form about the larva of the cat taiK^worm in the liv<‘r of rats. 'Tlu* 
cancers proceed but these orgsinisms always disiip])car. 

The problem to be solved in the .stiwly of the action of ct>al tar ami 
other lii>oid solvents on the tissue is the nature of this change induct'd 
either in the cell or in the envirtmmenl that allows the cells to grt»w 
independently. This prfihlem cann<»t he. solved through a stmly (*f the 
physical and chemical prtiperties <»f these lipoid sc»lvents alone, hut will 
become understood only through a hroadening of our knowhslge of 
tho.se general conditions which control cellular activity in the normal 
organism. The nrgsinism is a nuuss of cells. It has come about through 
a definitely regulated growth of the egg cell and the foriiiation of the 
different types of cells. This orgsinism matures ami rnnclions Ihroiigli 
a gradual change in the cells so that they u.se their energy for function 
rather than for griiwth. This org;ini.sm maintains itself f<ir a given 
period of time in that enough energy is use«l for growth lf» lake care 
of the destruction suffered by the cells in their function. 

There has never been any evidence to .show, however, that the func¬ 
tioning body cells may not under the proper conditions utilize their 

15. Blumcnthal, Ferdinand; Auler, H., and Meyer, 1'siula: Huber das V«)r- 
kommen Ncoplastischcr liiiktcrieii in Mensclilielien KrelisKescltwtil.sten, /tschr. 
f. Krebsforsch. 21:26, 1924. 

16. Nuzum, J. W.; Experimental Primary Epithelioma from Micrococcus, 
Surg., Gynec. &: Obst. 40:343 (March) 1925. 

17. Jensen, cited by Blumenthal (Footnote IS). 

18. Fibiger: (Footnote 12, first reference). 

19. Bullock and Curtis: (Footnote 12, second reference). 
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entire energy for growth. It is evident that in such a colony of cells 
as the body of man, in which the cells as a mass are using their energy 
for function, if one cell breaks away from the conditions that force it 
to function and acquires the property of independent growth, it must 
soon destroy its neighbors weakened by their functional burdens. 

These recent researches have, therefore made the study of the 
action of oils in the production of cancer and the whole cancer problem 
one of the most fascinating and most hopeful for the development of 
broad biologic generalizations. The cancer problem as it is known 
today deals with those ftmdamental processes which regulate the 
normal growth, function and death of the organism. 

Many of the earlier authors had already appreciated tliat cancer is 
an independent growth of body cells, a parasitism of one cell or a 
group of cells on their neighbors forced to work for the whole rather 
than acquire nutrition and use it for their own development. In 
attempting to explain it as such, certain of these writers thought that 
the control exercised by the whole over the growth and function of the 
cells was associated with permanent irreversible age changes in the 
physical and chemical structure of the cell. They looked, therefore, at 
the cancer cell as a cell that had become changed. It is a specially 
differentiated cell. The cancer cell arising from the skin epithelium 
differs from the skin in the same general manner as the skin epithelial 
cells differ from the muscle cells. 

'JTiere was antither group of authors among whom Ribbert ““ was 
]>rccminent, who took quite a different view. They looked at the active 
growth in cancer as the result of primary changes in the environment 
ahout the cells rather than in the cell itself. Ribbert based his argument 
tin the fact that there is no evidence tliat the cells of the body lose 
their power t«> grow tluring development or in later life. That wounds 
heal rea<lily in old ]iersons anti that the tissues of these okl persons 
may regenerate prtivc this fact conclusively. 'J'he stojiping of growth 
at maturity is the result of the acqiiiretl organization t>f the whole or 
the environment ahtnit the cells, and is not due tt) any irreversible age 
change in the cell. 

In further ]>roof for this tlcthictitni came the experiments of 
Driesch,’-” those of many other stiwlents of tlevelopmeiit, and the 
more careful aiisdysis of the peculiarities of the cancer cells on which 
the adherents t«» the itlea of a specially differentiated cancer cell clung. 
Driesch hatl noted that when a .sea urchin gastrula is bisected, each 
half will regenerate into a complete sea urchin embryo and adult. These 

20. Rilihort, H.; Das Karzinotn dcs Menchen, sein Ban, sein Wachstum, 
seine Hntstehunpr, Bonn, 1911. 

21. Driesch, H.: Die Localization morphogenetischer Vorgange, Arch. f. 
Kntwcklngsmechn. d. Organ. 8:35, 1899. 
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bisected lialves do not benfin to grow at once, however, but only after 
each has reformed by a shifting of cells into a i>erfect gastnila of one- 
lialf the normal size. The embryonal cells of the gtistrula do not grow 
under all conditions. When the gastrulti is bisected, they show only 
mig^tion. Only when a sjiecinl form is obtained in the whole does the 
growth of the cells again intervene. Agiiin many students of cellular 
growth and cell division liiivc shown that these acts may be initiated 
by outside means or by changing the environment, and that they are 
controlled definitely by the environment an<l not by the cell in the 
normal organism.’’* 

The chief arguments that the cancer cell is diilTcrent from the nor¬ 
mal cell are that it has a different shape, it grows independently, it 
stains differently, its mitotic figures nmy be irregular :ind it may contain 
inclusions. £ach one of these peculiarities has now been shown to 
be easily reproduced by simply changing the environment about any 
normal cell. Tlie body cell is a fluid system that can be easily molded. 
Its shape is determined entirely by its outsitle contacts.** Any normal 
cell growing in the proper environment may take up foreign matter, 
may divide irregularly as cancer cells <livide, anti may stain as cancer 
cells stain. Wilson has shown that a substance that induces the unfer¬ 
tilized egg to develop normally will induce abnormal mitosis in eggs 
if allowed to act too long or in too great concent rations.®'* 

While Ribbert and the schools ])rocccding and following him were 
unable to ascertain the nature of the environment suitable for cells to 
grow independently, the weight of evulence has always been with them 
in spite of the fact that a large maj<irity of workcTS in this lu-kl have 
taken the other ■view. This flocking of the larger scIkkiI to the 
standards of a different type of cells in cancer has n«)t been, evidently, 
from an analysis of the facts at hand, but from tin* greater iiillneiiec* 
of men like Cohnheim and other leaders in p:itb<ili>gy. 'I he embryonal 
theory of cancer was apparently too fascinating, 'riiey ndnsed to 
leave it and admit that cancer cells arising from the e]n'dermis are 
nothing more than indepentlently growing epidermal cells. 

It remained, therefore, to find some means to isolate normal living 
body cells and .study their habits in various kinds «if environments. 
Reverdin had shown that .sm:dl pieces of skin rc-m«>ve<l t«i a wounde<l 
surface grow and later attach themselves to the norm;d organism siinl aid 
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in covering^ the defect. Hertzler studied these skin grafts carefully to 
find that they take only when they are jdaced on a surface covered with 
a layer of clean fibrinous exudate. They grow into this exudate to make 
firm union with the body later.*" In 1905 Harrison had noted that when 
the neural tube of young frog embryos is placed in a thin layer of tytnph 
on the surface of a cover glass in a moist air chamber that the 
migrate and nerve fibrils grow from them into the clotted lymph. No 
actual growth of cells was noted, however, in these cultures by 
Harrison."® 

The senior author, having the opportunity to work with Dr. Hertzler 
while he was performing his experiments on the healing of wounds 
in tlie peritoneum and skin grafting, appreciated at a latter date that 
the cells which gjow first from the Reverdin skin g^fts, grow quite 
independently of the body. Hertzler found that these grafts take only 
when the wound is covered by a layer of fibrin. In many such cases 
the grafts are separated from the underlying blood vessels by this 
fibrinous layer. Since substance diffuses poorly into such fibrinous 
layers, the cells mig^ting into the exudate from these fragments 
must be cut off largely from the body. These cells should gprow readily, 
therefore, when removed to a layer of fibrinous exudate outside 
the 1)ody. In the summer of 1910, under a grant by the Rocke¬ 
feller Institute, the senior author commenced to study the cultures of 
Harrison in his laboratory and attempted to develop a method for 
cultivating the tissues of liigher animals. Blood plasma was first sub¬ 
stituted for the lymph used by Harrison. In thin layers of plasma 
suspended from a cover glass into a small moist air chamber, the cells 
were found to grow readily and actively in many culttires of frag¬ 
ments of chick embryos.®^ These cells, it was interesting to note, did 
not grf>w in every culture of fragments of the same tissue placed in 
layers tif the same nietlium, and where growth intervened the cells 
<lid not lend to :irrange themselves into organ structures peculiar to 
their growth in the bo<ly, but they invaded the medium along the lines 
of least resistance, exactly as cancer cells grow and inviwle the organ¬ 
ism. It seemed evitlent, therefore, tliat the secrets of the problem of 
cancer lay hidden in the conditions that allowed these cells to grow 
in this fashion in these cultures, or in the environment that the cultures 

25. Hertzler, A. E.: The Peritoneum, Oiapter V, 1, 1919. 

26. Harrison, R. G.: The Outjjrowth of the Nerve Fiber as a Mode of 
Protoplasmic Movement, J. Exper. Zool. 9:787, 1910. 

27. Burrows, M. T.: Culture des Tissus d’embryon de Poulet et specialcment 
cultures de nerfs de Poulet en dehors d I’orgfanisme, Comp. rend. Soc. de biol. 
2:291, 1910; The Cultivation of Tissues of the Chick-Embryo Outside the Body, 
J. A. M. A. 55:2057, 1910; The Growth of Tissues of the Chick-Embryo Outside 
the Animal Body, with Special Reference to the Nervous System, J. Exper. Zool. 
10:63, 1911. 
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imposed on them. One year later, this author then undertook in the 
Anatomical Laboratory of Cornell University Medical Collie, New 
York City, the problem of the conditions that allowed these cells to 
grow in the cultures. The medium chosen for this study was plasma 
prepared from the blood of healthy animals. The plasma was selected 
as medium because it r^resented a normal fluid existing everywhere 
in die normal organism. There was no evidence to show that cancer 
developed necessarily in an abnormal organism. In fact, transplanted 
cancer fragments grow best in young, healthy animals. 

This study showed tliat in plasma this active independent growth 
of cells depends on three factors: (1) an ample supply of oxygen 
(which is about one third of die oxygen concentmtion of the air ; (2) 
a crowding together of the cells in a miniimini amount of medium, and 
(3) a stagnation of this medium. These factors applied not only for 
the growth of normal cells, but also for the growth of cancer cells in 
vitro (animal and human cancer, carcinomas and sarcomas).'-"* 

Single cells carefully washed of tissue juices will nut grow and 
often fail to show any reaction whatsoever when i>laced in a layer of 
pure plasma diluted with salt solution. On the other hand, if a salt 
solution extract of any actively growing tissue is added to the jdasma, 
then single cells show immediate activity. They migrate, take up fats 
and proteins, digest these substances, grow actively and dividit by 
mitosis. 

In pure plasma, such an active growth will take jilace only about 
fragments olf tissue. About these fragments, it is proportional to the 
age of the tissue, to the .size of the fragment an<I cell di-nsity <»f the frag¬ 
ment and inversely proportional to the thickness of the layer of ineiliuiii 
or the amount of absorbing inediuin :ilK>ut the cells. These )iroporiions 
ill relation to the size of the fragment and the thickness of the layer of 
medium hold only within limits of active diiTusion of oxygen. Thest- 
diffusion limits were measured and found to be fniin I to J niiii. for 
most tissue fragments and from 0.5 to 0.7 inin. for clotted plasma or 
serum. About fragments of tis.sue larger than from 1 to 2 inin. in 
diameter, the growth is inhibited by a lack of oxygen to their central 
parts and toxic iiroducts liherated hy the autoly.sis that results. Delinili* 
abnormal reactions are noted in cells in the deejicr jiarts of layers »if 
plasma thicker than 0.5 to 0.7 nun. 

Tlie relation of the size of the fnigmcnts and the thickiu-ss of the 
layer of medium was studicil in fniginents of tissue ranging from 

28. Burrows, M. T.: The Oxygen Pressure Necessary for 'i'issiie Activity, 
Am, J. Physiol. 4S:13 (April) 1917. 

29. Burrows, M. T.: The Tissue Culture as a Physiological Method, Tr. 
Cong. Am. Phys. & Surg. »:77, 1913; Tissue Culture in Vitro, Tr. XVIf 
Internat. Cong. Med., Gen. Path, and Path. Anat., I.nndon, p. 217, 1913; Thu 
Cultivation of Human Cancer Cells in Vitro, M. Rec. 86:649, 1914. 
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1 mm. in diameter to a single cell, and in layers of plasma ranging from 
0-2 to 0.7 mm. in thickness. In this study it was noted that while 
growth will obtain about fragments of a given tissue 1 mm. in diameter 
in a layer of medium 0.5 mm. thick, it will fail about a 0.5 mm. thick 
fragment of the same tissue in the same thickness of the layer of medium, 
but succeed about this smaller fragment (0.5 mm. thick fragjment) in a 
thinner layer of plasma medium, 0.25 mm. thick. 

Under these conditions of the proper thickness of the layer of 
medium and the proper size and cell density of the fragment, it is inter¬ 
esting to note that growth does not begin at once, but always after a 
given latent period. This latent period is shortest about the cellular 
fragment of actively growing tissues of young embryos and cancer. It 
increases in length about similar fragpments of older and older embryos 
and is longest about the less cellular, nongrowing fragments of the adult. 

As shown in another article this difference in the latent period is 
not related to the age of the tissue in these cases, but to their immedi¬ 
ate growth rate- It is much shorter for the cells of a piece of growing 
granulation tissue than for those of the normal connective tissue and 
shorter for the cells of an actively growing cancer than for those of 
a slower growing one. 

It must be pointed out here that not only the growth of the cells is 
dependent on a proper supply of oxygen, stagpnation, cell crowding and 
a projicr niininium amount of medium, but all activity in these cells is 
dciiendent on these conditions. The cells in a cellular fragment of tissue 
first show migration, then growth and finally a complete disintegration 
or sclf-digestion.“®. These various changes take place in regular 
seciiience. (Growth is only one phase of a general change induced in 
them by their environmental surrounding in the culture- Kach of these 
changes begins in the cells of the center of the fragment- It then 
spreads from this jjoint to involve more and more of the cells toward the 
l>criphery. The cells in a 1 min. thick fragment nf mesenchyme of a 
young embryo placed in a layer «>f plasma 0.5 mm. thick show all of 
these changes- As one decreases the size of such fragments, leaving 
other conditions unchanged, the amount of each of these changes not 
only decreases, but they liegin to disappear in the reverse order in which 
they appeared about the larger fragments. In a culture of a medium 
size fragment self-digestion disapi^ears except in the cells in the center 
of the fragment and growth becomes very limited. In still smaller 
fragments migration alone is observed- The cells in the latter cases do 

30- This digestion of cells has been called self-digestion to distinguish it from 
autolysis. It is a digestion that takes place in the presence of oxygen and does 
not liberate toxic products. Autolysis, as the word is used, is a digestion taking 
place in the absence of oxygen. Toxic products are liberated in the autolysis 
of cells. 
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not disintegrate, but after becoming sufficiently sei>arated they come to 
a state of complete inactivity. In this state they remain intact but 
inactive until destroyed by outside means. The cells in fragments of 
mesenchyme of older embryos and of the connective tissue of adults 
behave in the same manner. The cells in the sparsely cellular fragments 
show only migration and then inactivity. In tlie more cellular fragments 
growth and self-digestion intervene in. proportion to the cell density of 
the fragments. The chief difference between these fragments of the 
older tissues and the more actively growing ones is that these changes 
take place after a much longer latent period. 

From these observations it became evident that the life of these 
cells is something that is determined by their immediate surroundings. 
It is the result of a reaction between them anrl their environment. It 
has been taught that body cells arc continuously active. Bayliss ixiints 
out that there is no evidence for this view.*^ 

These cells which had migrated from the fragment and come to rest 
apparently disproved it. Several such cultures have been kept in the 
presence of an ample supply of oxygen and in the incubator for as long 
as six months. After fourteen days the cells became inactive nn<I 
remained so for the remainder of this entire period. 'I'liey showed 
no changes in shape nor clianges in their protoplasm. 'J'hc fat dro]>Iets 
and others contained bodies #B>t remained uinlisturbcd in them during 
this time. At the end of this period these cells wt‘re found able to 
become active again. They migrated anti grew when placed in dri>i>s of 
fresh plasma.^” 

The picture of life in these cells isolated from the Iitidy assumes, 
therefore, proportions of much greater simplicity th;in luid been geiu*r- 
ally suspected from a study of them in the body. Whilti previous 
students®* of regeneration had appreciated thsit growth is regul.-iled by 
factors other than food and oxygen, the nature of these otlier factors 
and their significance^seemetl-iinpossibki until we had found a method 
for isolating these cells and studying them under known an<I controll¬ 
able conditions. Summing up the foregoing conditions necessary for 
their cellular activity in the culture, it became evident tluit they may 
signify that activity in these cells is dciHnident on the accuinulation of 
some substance or substances formed by the cells but also rctidily <lif- 
fusible into plasma. They also indicate that mignition, growth Jin<l 
self-digestion may be merely the result of difTercnt concentnitions *)f 
this substance or substances. Cells showing only migration and then 
complete inactivity had been seen only in culture of the more sparsely 
cellular fragments of tissue of older embryos and adults. Growth and 

31. Bayliss, W. M.: The Principles of General Physiology, London, 1915. 

32. Burrows: (Footnote 29, second reference. Fig. 4). 

33. Morgan, T. H.The Physiology of Regeneration, J. Hxper. Zool. S:4S7, 
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self-dig^estion are peculiar to the more cellular fragments of embryonic 
mesenchyme and cancer. When a large number of cells are crowded 
into a small amount of medium^ all phenomena proceed. Wlien few 
cells are placed in a relatively large amount of medium, the cells may 
become inactive after showing only migration. 

An attempt was made, therefore, to ascertain whether such a sub¬ 
stance or substances accumulated in these tissues during the latent 
period and accounted for the activities noted in the cells. Fresh frag¬ 
ments of actively growing tissue of embryos and cancer and slower 
growing tissues of older embryos and adults were extracted with an 
equal weight of isotonic sodixim chlorid solution, and the extracts tested 
by placing equal parts with equal parts of plasma. The mixture was 
used as medium for isolated embryonic heart muscle and mesenchyme 
cells. Fragments of the same tissue left in a culture for from forty- 
eight to 128 hours were also extracted and the extracts tested in the 
same manner. In the presence of the extracts of the fresh tissues of 
the older embryos and adults, the isolated cells suffered little or no 
ch^mgc, while the extracts of similar fragments left in the stagnant 
cultures for several days stimulated an active migration, growth and in 
some instances self-digestion in these isolated cells. Extracts of fresh 
tissue of the younger embryos and cancer stiimtlated immediate activity 
in these cells. 

The cells of the more inactively growing tissues lying in the stagnant 
culture had evidently accumulated a definitely active substance. 
Extracts containing this active substance, S, were then carefully studied. 
In low dilutions they were found to have no effect. In medium 

concentrations (-S'-), they stimulated the cells to migrate and engorge 
themselves with ])articles of iiroteins and fat droplets. In high concen¬ 
trations (-S"'*), the,se cells dige,sted these proteins and fats, grew actively 
and <lividc<l hy mitosis. In all higher concentrations (-S''*), the cells 
sull’ered a self-dige.sti<.)n. 

'.riic i)iclure of migration followed by growth anti then self- 
<ligestioii was only the result of a gradual accuniulati<»n of the 5* in 
the stagnant layers of ])lasma. A few cells had failed to grow in the 
thicker layers of medium becau.se the proper concentration of the 
S could not be formed and retained by them. It is soluble in the salt 
solutif)!! and diffuses away into the lila.smatic medium, A few cells 
cannot supply a large enough quantity of this substance to raise its con¬ 
centration to the growing point in a large bulk of medium. About the 
less cellular fragments placed in a relatively large bulk of medium, the 
cells come quickly to re,st because the diffusing S conies quickly to a 
concentration too little for any kind of cell activity. The cells cannot 
retain this substance. Its concentration is determined not only by the 
amount formed by the cells but also by the amount removed by the 
medium. 
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On account of these facts this substance or substances, S, has been 
named the archusia, the driving substance of the cell. It is evidently 
the energy for life in the cell. In studying its formation it was found 
that it is formed only in the presence of oxygen and certain food 
materials, not determined, but easily exlmiisteil from a tlro]> of 
plasma and renewed by adding fresh plasma or serum. Agsiin, it wa.s 
noticed tliat when it is present in the medium, the cells will react nor¬ 
mally without oxygen until it is exliausted. They then sulTer autolysis.®^ 
It is the only substance in the cell whose formation demands oxygen. 
In its presence digestion and synthesis iirocccd without oxygen. 

The condition necessary for growth in the body cells is probably not 
different, therefore, from that noted by Wihliers f«ir yeast. Single yetist 
cells will not grow in a large bulk of medium unless an extract of yeast is 
added, while a number of yeast cells added to the s:une quantity of 
medium begin to gfrow very actively after a latent pcriotl. Wihliers 
noted diat this failure for the single cell to grow is due to the absence 
of a substance, bios, which is contained in the extracts of yeast and 
appears in the wine casks when a sufficient number of yeast cells are 
added.*" 

In the more careful analysis of this phenomenon <liscovered in body 
cells, the active substance, the archusia (>S'), has been found to be 
formed by the oxidation of food substances by the cell and shown to act 
to produce the manifestations of life in the cell, anti to act according to 
its concentration to produce these dilTcrcnt manifestations. It is evi¬ 
dently comparable, therefore, to the heat in the steam engine. beat 

acts in the engine to produce work in pro]Nirtion to its concentration. 
The archusia differs from the heat only in that it induces chemical 
changes in the cell rather tlian purely physical ones. 

In the engine, it is well known that the work i)crf«irnie<l is as mncli 
dependent on the heat conserved for the water as the lusit jiroduceil in 
the fire box. Take off the heat jacket of the boiler so that the heat may 
escape to the outside, the engine stops. It is intere.sting to note that the 
.same holds for the cells. The bo<ly cell has lo.st <»r has failed tti ficvelop 
means to retain its energy, the archusia. This escajjes fnnn it or is 
not formed by it except when it is jilaced in a stagnant environ¬ 
ment rich in food and oxygen, and in association with other cells 
also forming it. In recent years a great amount of stinly has been 
devoted to determining the amount of oxygen adsorbed in the lni<ly and 
the carbon dioxid and water eliminated. It is interesting that these 
studies have yielded little of immediate practical importance. From the 

34. Burrows, M. T.: The Reserve Rnergy of Actively Growing Ifmhryoiiio 
Tissues, Proc. Soc. Exper. Biol. & Med. 18:133, 1921. 

35. Wildiers, E.: Nouvelle substance indispensible aii developments de la 
levure. La Cellule 18:311, 1901. 
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studies cited above, it becomes evident that the activity of the body is 
not alone dependent on the energy produced but also on the energy 
conserved. 

FUNCTION AND DBVELOPMKNT OF DIFFERENT TYPES 
OF CELLS OF BODY 

In the first cultures of chick embryos, active rhythmic contraction of 
the heart muscle cells was also observed in the fragments and whole 
hearts transplanted to the cultures.*^ It was interesting to note that 
these heart muscle cells which had been contracting in the fragment 
lost this ability to contract as they migrated from the fragment into the 
medium of most cultures. - In the medium th^ assumed the shape, grew 
and divided like simple mesenchyme or sarcoma cells. It became evi¬ 
dent, therefore, at this early time that whether these cells are to g^ow, 
divide and invade the medium or contract rhytlimically depends prob¬ 
ably on their immediate surroundings.** In these cultures of embryonic 
tissue, it was interesting to note, however, that their tendency was to 
revert from a functional to a gfrowing state. Only the cells in the more 
central regions of the fragments continued to contract, while those in 
the periphery stopped this act and invaded the medium as fast as the 
cells outside them moved away. 

The cells in fragjments of embryonic striated muscle from the limbs 
and back also contract rhythmically in the cultures. The contrac¬ 
tions arc exactly like those of the heart muscle- These muscle cells in 
contact with the medium also quickly revert to cells indistinguishable 
fnim the simple mesenchyme or sarcoma cells. Under proper conditions 
they niJiy grow actively and divide by mitosis, or they may migrate as 
hnig spindle shaped cells or spread from the tissue as an open syncytial 
netw*»rk. 

While in the great majority of cultures, there is no temlency f«)r these 
cells which migrate from the fragment to revert and develop function 
again, in an article'" publishe<l in 1912, one cell and an open syncytium 
were note<l to luulcrgo this change. Since that time eight more such 
isolated contracting cells and contracting syncytia of cells have been 
observecl in eight cultures out cjf sev'cral thousand studie<l with this 
an<l other eiwls in view. These cells when cut from the circulation of 
the body and pbiced in the stagnant culture accumulate archusia about 
them and thus tend always to revert to a state of growth rather thxm 
function. 


.36: Burrows, M. T.: An Attempted Analysis of Growth, AnaL Rec. 9, 
Paper 11, 1915; The Tissue Culture in Cancer, Tr. Second Pan. Am. Sc. Cong., 

Washington, Section 8, Part 2, p. 494, 1915. j • v * tr * u.i 

37. Burrows, M. T.: Rhythmischc Kontraktionen der isolierten Hertzmuskel- 
zelle ausserhalh des Organismus, Mfinchen. med. Wchnschr., No. 27, p. 1, 19i_; 
Science S6:90, 1912. 
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In the cultures where one places a fragment of embryonic muscle 
tissue from 0.5 to 1 mm. thick, the central parts of these fragments 
suffer a self-digestion from an overabundance of the archusia. A 
liquid substance is liberated by tliis digestion. This licjuid flows out 
over the surface of the layer of medium to form a tough film. This 
filtn is not only rich in food material but also in archusia. The heart 
muscle cells entering it flatten out to take an otherwise spindle or irregu¬ 
lar shax>e, g^ow actively and divide by mitosis. The fniginent is tilso 
rich in accumulated archusia at this state.’’* 

Noting the latter facts, it had become of interest to see if the environ¬ 
ment played any role in determining this rhythm in such isolated rhyth¬ 
mically contracting cells. While it is true that much has been written 
about the mechanism of muscular contraction, nothing is known except 
certain isolated facts: 

1. Berstein noted several years ago that the energy of mu.scul:ir con¬ 
traction has a negative rather than a iiositive teniperatiirc coefficient. 
Only surface energy can have a ncgiitive coeflicient in imiscU*. 

2. Fletcher and Hopkins had noted that lactic acid is liberated at the 
contraction phase and tliat oxygen is absorbed only during relaxation. 

3. Electrical responses to contraction and the heat changes in muscle 
have also been carefully measured. 

It was interesting in observing the.se ctmtracting heart nuiscle cells to 
notetliat they occti])ied a peculiar ]Kisition in the medium. 'I'hey were n<it 
at the surface of the medium nor in the clot but stretched throtigh a 
serum cavity between the fragment or the .surface film and the eiuls of the 
bands of fibrin. One end of the.se cells was in contact with an area 
rich in archusia; the other end was in contact with bands of fibrin 
extending into the open medium. In this medium the archusia difi'n.ses 
readily. This end in contact with the fibrin must bave a very low 
archusia value. 

These cells had gained this position through adhering to the clot, 
which liad loo.scncd from other jiarts of the side, of the fnigment ami 
contracted away from it. They had thus become .stretched between 
the fragment and the clot. In other cultures isolated cells were dragge<l 
out by the same mesins so that they became stretcheil between the 
siirface film and the ends of fibrin fibrilli in the clot. 

In studying the action of archusia on the cells, it was found that it 
acts to liberate another substance, the ergusia. This sub.stsmcc dccrciiscs 
the surface tension of cells. Such a decrease in surface tension is associ¬ 
ated with electrical changes. This decrease in surface tension causes the 

38. Burrows, M. T.; Burns, J. E., and Suzuki, Y.: Studies on the Growth 
of Cells: The Cultivation of Bladder and Prostatic Tumors Outside the Body, 
J. Urol. 1:3 (Feb.) 1917. 
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cell to stretch in the direction of its lowest surface tension. In these cells 
this decrease in surface tension can take place only at the end of the cell 
in contact with the fragment or the surface jShn. Under the influence of 
this decrease in surface tension at one end, these cells must suffer one of 
three kind of changes: (1) a breaking loose from the fibrin; (2) a 
tearing of the cell in the middle, or (3) a breaking down of the surface 
tension lowering substance or the substance that adsorbs it. In the 
great majority of cultures in which fibrin contracts as described above, 
the cell quickly breaks loose from the clot. None of them break in the 
middle. In a few out of the several thousand rhythmicity resulted. 
These cells contract as the result of a periodic reduction in their surface 
tension followed in each instance by a breakdown of this surface tension 
lowering substance or the substance adsorbing it. Lactic acid is liber¬ 
ated. Lactic acid increases the surface tension of the cell or makes it 
shorten. The ergusia reforming decreases the surface tension or makes 
the cell lengthen. Such a breakdown is associated with an electric cur¬ 
rent passing from one end of the cell to the other. It will result always 
when any simple system like these cells is polarized as the contracting 
heart muscle cells were found to be polarized.*” 

On several occasions such contracting cells were removed from this 
position to the serum. In the serum they became spherical in shape 
and inactive. The same cells removed to the surface film stretch out 
to take a flattened spindle or irregular shape, grow and divide and look 
like .sarcoma cells. Others were i;>laced in the fibrin outside. Tliey 
remained inactive or stretched out along the fibrin fibrilli and became 
inactive."" 

It was thus ijossible to show absolutely that function and growth in 
these heart muscle cells are determined by the environment and not by 
the cell. 'I'hey are reversible ])henoinena. The change of a cell from 
the slate «)f active functi<in in the normal organism to the growth 
t»bservccl in cancer must be a normal reaction of the cell to a clianging 
envinnnnent. Ribbert’s contention liad thus been realized. 

While it wiis thus jiossible by means of the tissue culture to trans¬ 
form ii functioning cell to a growing cell and vice versa, it has not been 
possible to transform a connective tissue cell into a muscle cell or an 
epithelial cell into any other type of cell. These cell types are deter¬ 
mined by some stable internal mechanism in the cell. This fact one 
might have readily deduced from the study of cancer, however. There 
is no evidence that a cancer cell is other than the growing connective 
tissue or epithelial cell from which it arose. Teratomas develop only 
from egg cells. The egg cell can give rise only to multiple cell types. A 

39. Burrows, M. T.: A Note on the Mechanism of Heart Muscle Contraction, 
Am. J. Physiol. 4S:SS6, 1917. 
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growing smooth muscle or striated muscle cell resembles growing con¬ 
nective tissue cells. 

There is no evidence, as many recent authors liavc attempted to show, 
that the cancer cell is a specially differentiated cell, nor is there any 
evidence in the whole of embryology or experimental biology that such 
a cell may arise. On the other liand, it «in be fully proved by the tissue 
culture that any cell may grow if given the proper surroundings and this 
growth may be independent. These surroundings are simply those 
which allow a certain high concentration of their archusia to accumulate 
about them. This archusia may be supplied from without or by the cells 
themselves when they are crowded into sufticicntly narrow stagnant 
confines. Under the latter conditions, the growth of body cells becomes 
wholly independent. This is cancer. When supplied from other sources, 
their growth becomes dependent on the supply. 

Function on the other hand comes into existence when the cell is so 
placed that the archusia remains in concentration only at one end. The 
type of function is determined by the mure fundamental constitution of 
the cells in question. Connective tissue cells and epithelial cells stretched 
as the heart and striated muscle cells were stretchetl (^described above), 
do not contract rhythmically. Smooth muscle cells so stretched contract 
rhythmically, but their contractions are ncit like the heart inu.scle !ind 
striated muscle cells, short and rapid, but are slow. They are exactly 
like the contraction iseculiar to smooth muscle in the body. 

In the body all functional cells have this arningenicnt. 'The nerve 
fibers are stretched between the dense brain tissue and an end org:in. 
The gland cells are in contact with an active bltHuI circulation on one 
side and a stagnant gland tube on the other. The archusia is washed 
away by the blood stream from their outer ends and accuinnlales at their 
inner ends. Functioning glands and nerves show electrical changes as 
muscle shows these changes.*”^ While their function is <lilTerent from 
that of the muscle cell, it is determined by the stinie organixalion and is 
evidently the result of an explosive brciilolown of ;i polarised system. 
It differs from the muscle l>ccau.se of a <lilTerent physical chennc:d 
make-up in the einthelial and other cells. 

In the culture function had been forced on the heart muscle cells 
through a contraction of the clot away from the fragment. In the 
body the cells are forced to function throttgh the «levelopnient of 
intercellular tissue and blood vessels. In further jjrocif for these cletluc- 
tions, it is noted that epithelial cells from glands of the bo«ly revert in 
the ctdtures to broad sheets of migrating and growing cells. Champy 
found that if connective tissue is added to .such culture the epithelial 

40. Champy, C.: presence d’un tissue antaRoniate maintient la differen¬ 

tiation d’un tissu cultive en debois de I’orRanismc (bTote preliminairc). Comp, 
rend. Soc. de biol. 70:30. 1914. 
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cells are forced to form tubular structures again. Drew ** has confirmed 
these observations of Champy. 

CONDITIONS XEGULATING GROWTH IN THE BODY 

In the light of these facts, growth and function in the body take on 
quite different aspects. Function is something peculiar to an active 
circulation in properly arranged blood vessels. Growth is something 
peculiar to stagnant crowded cell areas where the circulation is poor. 
In this regard body cells are not different from any of the simple 
unicellular organisms. It is in the stagnant pool and not in the running 
stream tliat such life abounds. Wildiers had found that the growth of 
yeast depends on conditions identical with those outlined above for the 
growth of body cells. In. 1923 experiments with a culture chamber 
which allowed the tissue to be washed continuously with a stream of 
serum were described. In these experiments it was found that washing 
prevents the growth of heart muscle cells but accelerates and makes 
their rhythmical contractions regular and forcible.** 

In the development of the animal body, it is interesting to note that 
growth is most active at the beginning. It wanes and is replaced by 
function as the blood vascular system develops. At maturity gjrowth 
ceases except as it is necessary for repair, regeneration and in certain 
ixirts, such as, the nails, hair, sex glands and bone marrow. 

Areas undergoing rejiair and various of the more permanently grow¬ 
ing regions ami cancerous tissues have been studied. In the wound, 
growth <loes not intervene alone at its edge but throughout the wide 
arefi of tissue behind its etlge, which is suffering from the inflamma¬ 
tory slowing tjf the circulation. This growth behind the edge of the 
wound is projxirtional to the amount of congestion and slowing of the 
oircnbition. In the wound the greatest growth takes place in the stag¬ 
nant wouml :irc:is where the blood vessels have been completely 
destroyctl.** 

The tlistal eml of the growing nail bed has a greatly reduced circula¬ 
tion. 'Phis area is suiiplied by a single layer of large sinusoids. These 
sinusr)ids are larger than the vessels which fill and emjity them. The 
bone marrow has the .same sluggi.sh sinusoidal circulation. The growth 
in the sex gland is inside the tubules and follicles far removed from the 
bb>od vessels. Cancer is a densely cellular tissue supplied by irregular 
tortuous vessels few in number per unit cell area or by large dilated 

41. Drew, A. H.: Growth and Differentiation in Tis.suc Cultures, Brit. J. 
Exper. Path. 4:46 (April) 1^23. 

42. Burrows, M. T.: Studies on Cancer, 4 papers, Proc. Soc. Exper. Biol. & 
Med. 21:94, 1923. 

43. Burrows, M. T.: Studies on Wound Healing: I, “First Intention” Heal¬ 
ing of Open Wounds and the Nature of the Growth Stimulus in the Wound and 
Cancer, J. M. Res. 44:615 (Sept.) 1924. 
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sinusoids. These vessels are being continuously destroyed in its more 
central parts. Hemorrhage and necrosis are the result.** 

In the light of these facts it became evident, therefore, tliat cancer 
may be nothing more than the result of any substance or condition that 
can primarily build in the organism a dense mass of cells liaving a rela¬ 
tively poor blood supply. Cancer is only such a tissue organization. It 
is not a primary change in the cell. 

The proof for this deduction lay in showing that such an organiza¬ 
tion once induced can reproduce itself and destroy the organism and 
that the substance or conditions, such as coal tar, which induce it, act 
only to produce such an organization. 

In a previous article,** one of us has already discussed and given 
proof that such an organization once established preys on and destroys 
the surrounding less crowded and more vascular normal tissue. All 
these normally arranged - cells are attacked alike, including the endo¬ 
thelial cells of tlie blood vessels. A mass of cells thus sufnciently 
crowded and stagnant not only reproduces itself through a growth of 
its cells but also the environment suitable for a continuation of this 
growth by its continuous destruction of its own vascular sup]>ly and 
that of the tissues about it. This destruction of the blood vessels is 
greatest in the tumor. The central {larts of these tumors suffer nis'i'osis. 
The peripheral receiving sufficient oxygen continue to grow 

actively. 

This attaching of a less dense inass of cells by anolher denser mass 
was first noted in a study of the behavior of fnigincnts of normal skin 
of embryos of various ages in the cultures. Tn the early embryonic life, 
the epidermis is a single or a double layer of cells. 'I'he underlying 
connective tissue or mesenchyme is a tlenscly cellular layer. As devel«)p- 
ment proceeds in the embryo, the cijulcrmis gnuhially beenmes a thick 
cellular layer while the mesenchyme cells cease to niu1li])Iy al an early 
time. Tliis layer expands rather by the laying down of intercellular 
substances, the connective tissue fibrils. When this laying down of 
fibrils between the mesenchyme cells lakes ])lace, they become widely 
separated so that the number of cells jicr unit area in this layer becomes 
only a fraction of their original value. When fragments of the skin 
of the younger embryos are cut from their circulation ami jilaccfl in the 
cultures, the mesenchyme cells grow most actively jiml <1eslroy ami 
devour the protoplasm of the cells of the less cellular epithelial layer. 
About fragments of older and older embryos, the activity of the niesen- 
ch 3 niie wanes in the cultures and the epithelial layer hecomes more aiwl 
more active to dominate completely about the fragments of older 

44. Burrows (Footnote.s 13, 42 and 43) ; Factors Bcfuilsiting Cellular flrowtli 
and Their Importance in the Explanation of Cancer, South. M. J, 17:2.33 (April) 
1924. 
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embryos, as the mesenchyme had dominated in the earlier period. These 
active epithelial cells then destroy the cells in the less densdy cellular 
connective tissue area. This growth of densely cellular layers can be 
greatly facilitated by adding embryonic extracts to the plasma. 

Epithelial cells, as Fischer^" has shown, do not grow readily in the 
cultures unless these embryonic extracts are added to the medium. 
Barta has carefully studied the behavior of epithdial cells in frag¬ 
ments of the ureter of young rats. The ureters of rats are small. One 
millimeter fragments of the whole cross section can thus be placed in 
the culture without destroying the oxygen supply to all parts of this 
fragment. In a medium containing embryonic extracts, he found that 
the epithelial cells grew actively to invade the connective tissue and fat 
of the adventitia in a manner typical of true cancer. These growing 
cells reduced the muscle, blood vessels and connective tissue to a 
hyaline mass and destroyed the fat tissue. Their invading epithelial 
cells contained mitoses, irregular, large multinuclear cells, and were in 
every way identical with cancer.*® 

Maxiinow lias found the same phenomena in fragfments of breast 
planted in a medium containing extracts of bone marrow.*^ Burrows 
had noted a swircomatous overgrowth of the mesenchyme in embryonic 
fnigmcnts placed in inire plasma and the phenomena greatly exaggerated 
in a culture of these tissues into which an extract of embryos or cancer 
tissue is a<1dcd. A few of these fragments transplanted into the subcu- 
laneoits tissue of an adult rat developed into true sarcoma.** 

liiirrows has also found that this dominance of a more cellular and 
less vascular layer over a more vascidar and less cellular layer occurs 
ill wouiifls as well as in the tissue culture aiul in cancers. When the 
wound is open .'iiul .sulTering a congestion and slowing of its circulation, 
tlu^ granulation tissue grows actively in areas removed from the origin¬ 
ally more densely cellular eiiiilerniis. As the epidermis moves in over 
the wound and the circulation is reestablished in the granulating area, 
growth ceases in this area, hut continues in the nmre <lcnsel\- cellular 
e]>il1urlial layer until the gninulations are re<luce<l to a hyaline mass. 
'I’he cells and hloml vessels are destroyed by this growth of the epithelial 
layer, which continues until its hlo«)d sujiply is thus reduced and atrophy 
intervenes.*® 

4.'5. Piselier, Albert: A Three Months Old Strain of Epitheliuin, J. b:xper. 
Med. S5:.V)7 (March) 1922. 

46 . Harta, 15.: Experimental Histoloxical Studies, T. Sc.me Factors Kegii- 

latiiiK the Morphology of Tissue (Ureter in Vitro), Anat. Rec. 1924. 

47. Maximow, A.: Tissite Culture of Mammary Gland, .^nat. Rec. 27:210, 
1924. 

48. Burrows, M. T.: The Experimental Production of Malignant Ulcers in 
Rats, J. Missouri State M. A. 20:145, 1923. 
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Such scars may become the site of cancers. It has also been found 
that the failure for the wound to become cancerous in every case is due 
to the fact that the epithelial layer under ordinary conditicjiis clues not 
become thick enough to overpower the resistance of the body outside. 
If this layer is stimulated to increase in thickness through the addition 
of growth stiiiuilating subsUinces to it, cancer may then intervene.’’ 

THE ACTION OK COAL TAR ANIJ OTHER J-IPOIO SOF-VENTS 
IN THE rUOnUCTlON ok i:ANCEK 

Before attempting an investigation cjf the action of coal tar aiul other 
liix>id substances in the production of cancer, it seemed necessary lirsl 
to study more carefully the general metaholisni of fat hy body cells. 
While many authors had studied the heat produced in fat luetaholisin 
and the various by-products into which fat may he changed, no analysis 
of the ingestion of fat and fat bodies by the cell had been und(*rlaken. 

In the early part of this article it lias been shown that under the 
influence of a medium concentration of the archusia (-S\,) the cell takes 
up fat, but does not digest it. Under the iiilliieiice of higlu*r eoiiceiitra- 
lions of the archusia the fat and proteins so tiiken up are «ligested 

and growth intervenes- IJow this fat is taken into the eell was tlic'u 
investigated by the senior author. 

In this analysis it was noted that body cc*lls, unlike many of the* 
unicellular organisms, have no distinct niecliaiiisiii for niigralioii. 'I'hey 
are simple fluids. They can migrate only into siihslaiicc*s eontaiiiing fals 
and proteins which have grcFiter inertia than iheinselves. If the* fals 
and ]iroteins arc in sus]ieiision and are tnohiI<^ tluw are drawn to (he 
cells. If these same sulistances are lixed or large* and have a grc'alc'r 
inertia than the cell, the; cells are drawn h> tlieiii. 'The iiiei'lianisin ft)r 
migration in body cells is the mecliaiiisin for taking these- necessary food 
substances into thcmselve\s. Migration is ine-re-ly an adajilation of tin* 
growth reaction of theses cells as finu'tioii is an adaptation of the- same 
reaction. These cells migrate or elraw food into iIieMiisc-lves hy lihe-rating 
a substance that has strong aflinities for the e-ell as well as prote-iiis and 
fat of the medium. This substance or snhs!aiK-e*s has he-e*n naine-d the* 
crgiisia, the laboring substance of the ce‘ll ti> dislingiiish it fmin the 
archusia, the driving siihstancc of the cell. 

In the ])lasma cultures the e-clls do not liherater the* e*rgnsia iin<le*r all 
conditions, hut only when the archusia ace-iinnilate*s to a e-e*rlaiii e-oiie-e*ii- 
tration as has been jiointed out above. In the* ])rese-iice* of this 

concentration of the archusia, the cell liberates ther ergiisia **” whie-li is 
adsorbed by the clot and fat in the clot. If the clot is held firmly 
through attachments to the glass surface on which it is pljict*d, the ct*lls 
are drawn out into it and the fragments spread and fl;itleii out. Tf the 

49. Credit for the words archusia and erRiisia is due to Prof. Thomas S. 
Duncan of the departments of Greek and I-atin, WashinpTtnn University, St. Louis. 
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clot is not attached, it is drawn in mass to the fragment. In the gatn«» 
manner, small, mobile fat droplets are drawn into the cell, larger, less 
mobile masses of fats draw the cells to 

In studying the exgusia in the different types of cells it is interesting 
to note that it differs in different cells. It has only one definite common 
property: it is adsorbed readily only by proteins and fats. The ergusia 
of the connective tissue coagulates blood to fibrin and serum. The 
ergusia of the epithelial cells has the same property, but these cells differ 
from the connective tissue cells in that they may later dissolve the 
fibrin formed. Tlie ergusia of the leukoc 3 rtes and lymphocytes does not 
form fibrin to any great extent. Their ergusia is readily adsorbed, 
however, by both the fibrinogen and fats. 

In proof tliat the cells migrate and acquire their food by this means, 
it was not only found that their movements are often unassociated with 
any changes in their contour (thqr migrate without ameboid move¬ 
ments) or evidence of other mechanical mechanisms, but also that they 
are exactly proportional to the liberation of this substance as such 
libcnition is identified by the action of the ergusia of the connective 
tissue and epithelial cells on a plasma clot, and through the proof that 
the fat taken up by the cells becomes saturated with this ergusia.”^ 

In a short time after fats are eaten by animals their blood contains a 
large amount of this fat. It occurs in the blood in the form of suspended 
dro]ilc;ls. 'i'hc plasma, iircixired from such blood, is rich in fat. If a 
fragment of connective tissue is placed in a drop of this plasma, the 
cells become llllctl with these fat droplets. The fat moves rai>idly out 
of the ]ihi.sma into the cells. The fat has no coagulating effect on the 
clot. It ]>revenls its coagulation rather than stimulates it. This fat 
after it is taken up by the cells acts differently. If the fat drojjlets are 
.s<iiu‘eze<l from these cells and ]}laced in fresh pla.sma, they coagulate the 
pL'isina, stick to the fibrin fibrils thus formed and assume spindle 
sha])e f|uite the same as the connective tissue cells. When idaceil near 
other connective tissue cells, they repel the.se cells or are rejwlled anil 
driven away from the cell exactly as one connective tissue cell repels 
another in the culture. These la.st jihenomena continue, however, only 
until the crgu.ski which they have adsorbed is lost to the clot. 'I'hon they 
are adsorbed again by the cells when brought in contact with them. 

In other experiments, it was found that this taking tq) of the ergusia 
follows the laws of adsorption or solution. There is a definite saturation 
l^oint for ergusia in proteins and fats. These cells can migrate into these 
substances or draw them into themselves only until the concentration of 
the ergusia in the particles is balanced with that in the cell. Then all 
activity ceases.®® 

In the light of these experiments, it became evident, therefore, that 
if one places in the tissue any viscid, more or less immobile and non- 
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digestible substance that has strong affinities for the ergusia it must 
draw the surrounding cells to it and away from their intercellular sub¬ 
stances and blood vessels. It can thus disrupt the normal tissue organ¬ 
ization up to the time it becomes saturated with this substance. This 
action accumulates the scattered cells of the tissue in dense stagnant 
masses about the absorbent and thus builds an organization in which the 
r«»t1a ran accumulate their archusia and grow. It builds a nonvascular 
cancerous organization. 

ACTION OF COAT. TAR 

Having established these facts, Jorstad in this laboratory then 
undertook the study of the action of coal tar in the production of cancer. 
Jorstad injected small quantities, from 1 to a few cul)ic centimeters, of 
crude coal tar into the subcuUineuus tissue of r:its zind also into 
embryonic tissue that had been cut into small fragments and injected 
under the skin of animals. These masses of coal tar were in some eases 
left for a long time and then removetl. Others were removed at regular 
intervals of twenty-four hours and longer. In a few inst.’uiees the coal 
tar was injected just beneath the epidermis so that the reaction of the 
epithelial cells could also be observed. In most instances it was injected 
into the subcutaneous tissue far removed from the e[jithelial layer. 

The change induced by the drops of tar is a nipid migratiiai of the 
cells of the tissue to their edges. In a few cases the tar broke up into 
a number of smaller droim. In most cases, however, it nMiiained 
together as one large drop. 'J'hese cells «iccuimilatiiig from wide areas 
in the tissue formed a collar around the ilrops of tar. 'The iirst cells 
to react to the droji underwent a grannlar degeni*ratitui in most of the 
experiments. The later cells remained intact. 'I'lie cells chielly ;illracU‘il 
were the connective tissue cells and the eiidtithelial cells of the cajtil- 
laries. The capillaries themselves, therefore, disappeared through this 
movement and .se])anition of their endothelial lining cells. 'The inter¬ 
cellular materials were little tlistlurhed except that they showeil a hyalin- 
like degeneration and became stripped of the lilirohlasts, which normally 
lie scattered among them. 

The action of the single drop of coal tar was limited in this csipacity. 
Its action was most rapid at fir.st. Then this activity ceased sknvly, to 
•Stop in the course of a few days, as any substance that <lissolves sub¬ 
stances from a medium ceases as the <li.stribntion constant is satislicd 
between it and the me»lium. 

In the sparsely cellular subcutaneous tissue, but fc^w cells were thus 
collected by a single drop of coal tar. In the more ccllul.'ir mesenchyme 
of embryos, the tar accumulated many more cells. This was als<i true 

SO. Jorstad, L. H.: A Study of the Behavior of Coal Tar on the Tissue, 
Proc. Soc. Exper. Biol. & Med. 91:67, 1923; The Bch.avior of Coal Tar in 
Embryonic and Adult Tissues, J. Cancer Res., to he published. 
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when the tar was placed in contact with the more densely cellular 
epithelial layer. In the adult connective tissue, growth was never 
observed in the cells collected by the tar. In the more cellular mesen¬ 
chyme of embryos in which a gpreater number of cells were collected, 
these masses became larger and more densely cellular. In these larger 
masses growth and division figures "were seen. Against the epithelial 
layer of the skin the tar collects more cells, and in these denser masses of 
epithelial cells growth and division figures are always seen. This gfrowth 
often leads to the foimation of pearls and the picture of precancerous 
lesions. In the epithelial layer of embryonic tissues, typical cancerous 
lesions made their aiJpearance. 

The action of a single drop of coal tar is limited. It does not 
act to stimulate the cells to grow but only to draw them to it and 
accumulate them in dense masses about it. If these cell masses become 
sufficiently dense and large enough, growth may then later intervene 
as the archusia of these cells accumulates about them. To produce such 
large masses many applications of tar are generally necessary. With a 
single injection this is never accomplished in the animal under ordinar 3 ' 
conditions. The cells collected soon suffer regression and hyaline changes, 
therefore. Eventually a hyaline scar surrounds the drops of tar. In 
a few instances after a time the drops of tar saturated with ergusia 
begin to migrate. They enter the veins and migrate to distant organs 
in the 5inme manner as fat droplets squeezed from body cells migrate 
from fragments or other cells into the less saturated jxirts of the medium 
of the culture. The blood contains little or none of the ergusia peculiar 
to the fixed tissue cells. It acts as a solvent for this substance and 
attracts the tar. ■ 

'I'liese observations indicate, therefore, that the action of coal tar is 
not chemical, but purely physical. It acts merely by dissolving a lipoid 
soluble substance of the cells. It is po.ssible that in the fractional dis¬ 
tillation of coal tar one will find a substance having a more efficient 
stilvent action, but it is imt likely tluit any important growth stimulating 
substances will be found, as many of the b'nglish authors have sup¬ 
posed. Any oil having a similar stilvent action must act accordingly. 

ACTION OK PAKAFKIN ANU PARAFFIN t)II.S 

'I'o ]>rove the latter deduetuins more definitelv’, it became of interest 
tt> .see how other <»ils act in this regard. Previous studies have 
shown that ]Kiraffin and ]iaraffin «iil aijplied frequently to a jjoint on 
the skin will induce cancerous growths, as coal tar induces them. 
Mook and Wander noted tliat single injections of paraffin into the 
subcutaneous tissue of men lead to the production of tumors. They 

51. Mook, W. H., and Wander, W. S.: Camphor Oil Tumors, Arch. Dermat. 
& Syph. 1:304- (March) 1920. 
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found these tumors composed of drops of the oil enclosed in a hyaline, 
fibrous capsule. These tumors are similar, therefore, to the tumors 
that Jorstad found in animals injectetl with sinirlu drops of coal tar. 

Tlie parafiiii in the cases studie<l by Mook and Waniler had been 
injected into jjatients as a vehicle for cainiihor and other drujifs. 'J'his 
discovery that this oil forms tumors led to the discontinuiii}; of its 
use as a vehicle and the substitution of MaKola, or corn oil. 

It is well known that com oil has no immediate food value other 
than the fat it contains. It is largely free from vitamin. One 
of us (C. G. J.), in jjerforming experiments with the Allen-Doisy 
hormone,®* noted that this oil also jjroduces tumors. The AIlen-lJoi.sy 
hormone was dissolved in this oil and given hyjKxlerinicidly. It thus 
became of interest for us to study the action of pure corn oil when 
injected into the subcutaneous tissue. Previous authors had noted that 
many oils of the food when injected subcutaneously are not absorbed, 
but no one had studied the action of these tiils on the tissues.®® 

THE ACTION OK MAZOI.A, OK CORN OtI. 

Thirty-nine rats, one monkey and one tlog were used for these 
experiments. From 1 to 5 c.c. of the pure sterile corn oil was injected 
into the subcutaneous tissue of each animal. 'I'he oil was injected in 
each instance so that it formed one large oil drt>plet. 'Phis mass broke 
up quickly into numerous drops of various sizes. 'I'licse drn]>s reniained 
unabsorbed. li)ach drop then became lirmly encapsiikitMl so that a 
multiple cystic tumor was forme<l, similar in each case to the one 
removed and photographe<l (Fig. 1). 'I'he nature of the ch:nig(‘s th:it 
this oil induces in the tissue was stiulied by removing such tuiiiors at 
regular intervals of one, two, three and one-half and seven days, jifler 
two and four weeks, and after two, three, five an«l seven inonlhs. 

l‘KOTO(;OI.S 

Kxpsrimknt 1.—Two ciihic cealinictvr.s of sterile Ma/.olii oil was iiijeeteil 
the subcutaneous tissue of four rats. After twenty-four hours tlie oil tumors 
were removed. They consisted of a larfie minilier of small ami larger eysts 
each enclosed in u ffrayish eaiisule, which varied from 1 to ^ mm. in thiekiieNs. 
One of these tumors was fixed in formaldehyd, the otlier three were lixe«I in 
Zenker’s fluid; a part <if ttie formaldehyd fixed tissue was <'iit with th<- fr<‘e/iiiK 
microtome and stained for fat. Other parts and the Zenker fi.xed tissue* wen- 
dehydrated, emhedded in paralTni, sectioned and staineil witli hematoxylin and 

52. Allen, Kdf;ar; Francis, II. F,; Kobertsnii, b. 1.,.; Colgate, C. K.; Jolmston, 
C. G.; Doi.sy, E. A.; }-^ouiitx, AV. H., and Ciilison, II, V.; The llorntone of the 
Ovarian Follicle; Its bocalizatinii and Action in Test Anininls, and Additienial 
Points Bearing upon the Internal Secretion of the Ovary, .Am. J, Aimt. 

(Sept.) 1924; The Extraction and Some Properties of an Ovarian J-Iorinone. 
J. Biol. Chem. 61:711 (Oct.) 1924. 

53. Henderson, Yandell; and Crofutt. E. F.: Observations on the Fate of Oils 
Injected Subcutaneously. Am. J. Physiol. 14:193, 1905. 




Kij<- 1.—Carofully dissected 9 day old oil tumor from siiljcutaiieoiis tissue 
of rat. 

2.—Low power photomicrograph of section of oil tumor 24 hours old. 

Kig. 3 .—High power photomicrograph of section of oil tumor shown in 
Figure 2. 

Fig. 4.—Photomicrograph of section of 24 hour old oil tumor that has been 
fixed in formaldehyd, cut with the freezing microtome, stained with sudan III 
and hematoxylin and cleared in glycerin. The oil has fallen out of the cavity. 
The small droplets are seen between the cells in the wall. 

Fig. 5.—Low power photomicrograph of section of 48 hour old oil tumor 
of rat. 

Fig. 6.—High power photomicrograph of section of oil tumor shown in 
Figure 5. 

Fig. 7.—Low power photomicrograph of section of 7 day old oil tumor of rat. 

Fig. 8.—High power photomicrograph of section of oil tumor shown in 
Figure 7. 
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eosin. At this early stage, one saw the oil carefully cut ul7 from the surrounding 
fibrils of the fibrous tissue by a layer of cells varying from 1 to several cells 
in thickness. The whole of the surrounding tissue was filled with cells 
evidently migrating toward the oil. The immediately adjacent cellular capsule 
was ragged; the cells were not chisely matted together in it. A few had 
penetrated a short distance into the oil (Fig. 2). 

In studying more carefully the various parts of these sections, it was inter¬ 
esting to note that the extent of this cellular reaction varied in the different 
tissues into which the oil had been placed, it was much gresiter about the 
drops placed in the more cellular tibrous tissue than in the fat tissue. 

The types of cells responding in most areas were chiefly large spherical or 
ovoid cells having a well formed vesietdar nucleus. Among these larger round 
cells in most areas one found al.so a scattering of small inoiioiuiclear cells, 
a few polymorphonuclear neutrophils and a larger luiinher of polyinorplionuclear 
eosinophil cells (Fig. 3). The relative iitimber of the latter cells also varied 
with the regions into which the drops were placed. Among the more* mmieroiis 
blood vessels of the snbcutanecjus tis.sue, one saw a larger proportional iinmher 
of lymphocytes and leukocytes than in the less vascular fibrous tissue and fat. 

With this movement of cells toward these dro]>s of fat, tiny droplets of 
fat were continuously breaking off from the larger one and moving out into 
the tissue. This moving out of small fat drops was in proportion to the 
movement of the cells toward the larger drops. These small fat droplets could 
be readily brought into the held of vision at all peritids of the development 
of these tumors by staining the frozen formaldehyd fixed sect ions with 
Sudan III and hematoxylin and clearing the .section with glycerin (b'ig. 4). 

At first we thought that these large mononuclear cells with a vesicular 
nucleus were wandering cells of some sort or another, as many other authors 
have considered them. It soon became evident, however, that tliis was not true. 
As seen in the section of the tumor taken at a later pcrioil, these c<41s were 
fibroblasts that had loosened from their attachment to their intercellular librils 
and endothelial cells, which had separated themselves from the capillaries 
through the action of the oil on them. 

By means of the tissue culture, it was possible ti> cleterinine 
that the shaiie of the fibroblasts is not <Ieteriiiine<l by any internal organ¬ 
ization peculiar to them, hut to chemical ami i>hysical ri*actions th.-it they 
induce in the environment about them.selves. 'fliey are siniiile Ihiid sys¬ 
tems. When connective tissue cells are placed in bocly niiids containing 
fibrinogen, they coagulate the fibrinogen to fibrin and slick to the 
.side of the fibrin fibrils. They are f:i.steneil to the filirin by the 
ergusia. These fibrin fibrils, as I lertzler lias shown, become tlu* inter 
cellular fibrils of the connective tissue. 'I'he oil ilissolving this ergnsia 
not only loosens these cells from their altachinent to the fibrils, causing 
them to round off as any dru]) of fluid rounds olT iimler these conditions, 
but it akso draw.s them to it. At later periods after the oil dro]ilets have 
become saturated with the ergusia, the cells slowly Jissunie other shapes 
according to the shai^c of the i>roteiiis which they coagulate in their 
environment.®® 

Kxperiment 2.—Four rats were injected the same as in hixperiment 1, and 
the tissue removed was studied and treated in the same manner. The differ¬ 
ence between this experiment and the fir.st one was that the tumors were 
removed after forty-eight hours. At this period the cells had ceased to migrate 
to any extent from the tissue outside. The cells at the edge of the oil droplets 
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had become more closely packed togrether into a layer, several cells in thickness 
5). The inner layer of cells had in many places formed a continuous 
layer of cuboidal or flattened cells much like endothelial cells. Outside this 
inner cuboidal layer, the large mononuclears were stretching out more on less 
in many places to spindle and irregular shaped cells. These changes were 
suffered only by the large round cells with vesicular nuclei. The lymphoc 3 rtes 
and leukocytes remained scattered among them as before (Fig. 6). 

Experiment 3.—In this experiment one rat was injected in the same manner 
as the others. The tumor was removed after three and one-half days. It 
showed no important differences in its morphology from those removed after 
forty-eight hours. 

Experiment 4.—Four rats were injected as in the other experiments. The 
tumors were removed after seven days. At this period the picture had changed 
little from that of the earlier periods, except for a further organization of 
the cells about the fragment into a definite connective tissue (Fig. 7). 
Most of the large mononuclear cells were stretching out to take a spindle 
shape along the forming intercellular fibrils, or had alined themselves into 
a layer of flattened or cuboidal.cells about the oil droplets (Fig. 8). The fine 
intercellular fibrils noted in the specimen removed at forty-eight hours (Fig. 6) 
had now become more prominent; a true intercellular fibrous tissue had made 
its appearance in many places (Fig. 9). Most of the polymorphonuclear and 
small lymphocytes still remained scattered among these cells. They had taken no 
part apparently in the actual formation of the capsule, however. 

Experiment 5.—Twenty-two rats were injected as in the other experiments. 
The tumors were removed from these rats under ether at fourteen days, one 
month, two, three and seven months. The tumors were fixed either in formal- 
dohyd or Zenker’s fluid and stained with hematoxylin and eosin or hematoxylin 
and Sudan III. In most of the specimens the changes were a gradual increase 
in the organizsition and then a hyalinization of the capsule about the oil drop¬ 
lets. The oil remained unchanged during this later period (Figs. 10, 11 and 12). 

While the oil remained unchanged in practically all these cases, in one rat 
it was apparently absorbed. This absorption took place slowly, and as the oil 
disappeared the circumference of the cellular wall either shortened or the tumor 
collapsed. It was interesting to notice that the cells in the cap.sule of such 
eases <if absorption did not tend to lay down intercellular substances but 
remained closely packed together much the same as they were at the beginning. 
'I'l-iey also showi*d some evidence of growth in that their nuclei contained more 
chromatin and their cytopla.sm stained more deeply (Fig. 13). Mitosis also was 
observed in one <if these cases. There was never any evidence of the oil 
stimulating the cells to gnnv in any of the other cases. The oil attracted the 
siirniiinding cells «if the tissue t<i it, hut it did not excite growth in these 
cells. It acted rather to cause them li^ degenerate. Evidences of grf»\vtli were 
seen in these seetions only when the oil was placed in a sufficiently cellular 
tissue so that a large luimher of cells became massed at its periphery. When 
the number <if cells became large enough, as in Figure 15, then one saw sharply 
staining cells, (irowth in these cases is evidently a secondary phenomenon and 
the re.siilt of the massing of the cells together. It was secondary to the original 
action of the oil which pulled them into this mass. 

Experiment 6.—One dog was injected in the same manner as the rats. The 
tumor was removed after three weeks. It was interesting that in this animal 
the oil was being slowly adsorbed as in the case of the one rat described 
above (Fig. 14). The cells about the ah.sorhed oil droplet showed evidences 
of stimulation. The conditions leading to growth and the absorption of the 
oil in these cases were not determined. 

Experiment 7.—One monkey was injected with 5 c.c. of Mazola oil. The 
tumor' was fixed in formaldehyd after nine days. The oil had broken up into 
numerous droplets. Each of these tumors was enclosed in a cellular fibrous 




Fig. 9.—High power phutnmicrugraph of uiiuther part of section of oil 
tumor shown in Figures 7 and 8. 

Fig. 10-—Low power photomicrograph of section tif 22 clay old oil tiinior 
of rat. 

Fig. 11.—^Low power photomicrograph of section of 7 months old oil tumor 
of rat. 

Fig. 12.—High power photomicrograph of section of 24 day old oil tumor 
of rat. 

Fig. 13.—^^ass of cells marking site of oil cyst in which the oil was absorbed. 

Fig. 14-—Section of wall of oil tumor from subcutaneous tissue of dog; 
the oil has been absorbed and the circumference of the tumor has reduced 
accordingly. 

Fig. 15.—^Dense mass of cells at edge of oil droplet showing evidence of 
growth in 7 day old oil tumor of rat. 

Fig- 16.—^Low power photomicrograph of section of 9 day old oil tumor from 
subcutaneous tissue of monkey. 
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capsule like that seen in the majority of the rats. None nf the oil had been 
absorbed (Fig. 16). 

Hxpkriment 8.—Two rats were injected with pure Mazola oil that had not 
been sterilized. The tumors were removed after seven days. The picture in 
these cases was diiTcrent. The oil was surrounded by a mass of fibrinous 
exudate filled with polymorphonuclear cells. This typical inflammatory reac¬ 
tion was quite different from the picture of the simpler migration of wandering 
and fixed tissue cells to the sides of the sterile oil droplets. 

Mook and Wander noted giant cells in the hyaline capsule sur¬ 
rounding drujilets of paraffin oil. Tliey considered that the oil acted as 
a foreign body. They called these giant cells foreign body giant cells. 
The tumors they classified as sarcoids. 

it must be pointed out that paraffin oil applied frequently to a given 
pkice in the skin will lead to cancerous production. Wliat Mook and 
Wander studied were single injections. The oil that liad been injected 
in many of their ciises was not pure paraffin oil, but oil containing 
camijlnir. This substance excited a true inflammation. There was 
;in cxiKlation of fluid and fibrinogen from the blood vessels, and when 
nccr<isis intervenetl pulyinorphonuclear cells made their appearance.”* 
'I'be fibrinogen and fluid formed a thick mass about the irritant or 
diluted it. 'I'he ribrinogcn clotted to a gel. As stated above, oxygen 
<Ii(Tused reatlily int<» such cU)ts no more than from O.S to 0.7 mm. The 
cells bd'oiue abnonual beyond this distance from the source of oxygen. 
Harta ”” has recently studied these ahiionnalities and finds tliat cells 
situated a <listance greater than 0.7 mm. from the air surface of the 
hiyer <if plasma medium <»f a culture cliange into reticular, epithelioid 
ami giant cells, 'riiesc cells are n<it in any wjiy concernet! with foreign 
bodies hut owe their formation entirely to a reduction in their oxygen 
su])]ily. J<'ibrol>lasts, certain waiulering cells ami other ti.ssue cells will 
show these changes. 'J'he giant cells notetl by Mook and Wander can 
«inly be indicative of such an inflammabiry ])rocess. This same inflamma¬ 
tory process we. note<l about drops of unsterile corn oil. The sterilized 
oil acts only to <lissolve the ergusia of the cells. Since the ergusia has 
strong aflinities for the oil as well as the cells, the oil is thus drawn 
toward the cells and the cells to the oil. 'Phe larger oil droplets become 
enca]>sukited by drawing the cells to them from the tissue and blootl 
vessels in proportion to the original number of these cells in these 
localities. Smaller droplets of fat are seen among the cells. They 
are drawn from the larger <lrops by the same process that the cells are 
tlrawn to these larger drops. 

54. Burrows, M. T.: Neuritis of the Cranial Nerves in Lethargic Enceph¬ 
alitis and the Differential Anatomic Diagnosis Between It and Acute Polio- 
m 3 relitis. Arch. Int. Med. 86:477 (Oct.) 1920. 

55. Barta, E.: Experimental Histological Studies, II, Giant Cell Forma¬ 
tion and Fat Metabolism in Relation to Oxidation (Lymph Nodes in Vitro), 
to be published. 
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While many previous authors have looked to the discovery of some 
hormone or growth stimulating substance in coal tar and other lipoids 
capable by long use of inducing cancer, others have appreciated tliat 
sucli is probably not the case. They had noted that the oil acts to 
cause the cell to degenerate rather than grow ( Bullock and Rohdenberg " 
and Champy ^®). What stimulated the eventual xiroliferation of these 
cells they could not determine. The tissue culture has answered this 
question. It is the result of the crowding of cells induced by the oil 
attracting the cells of the tissue to it away from their intercellular 
substances and blood vessels. 

It is now well established that to induce cancer with coal tar and 
other lipoid solvents these substances must be iqixilicd frequently over 
a long period of time. The reason for this is clearly shown above. A 
single drop of oil becomes quickly saturated with the ergusi;i, or lixioid 
substance, of the cell. It can pull only a few cells to it. With each 
addition of fresh oil to the same place, more cells are pulled in until 
finally there is built a stagnant mass of cells of suflicient sisce to over¬ 
come the growth energy of the surrounding tissue. 

COMMENT 

Previous work on cancer has shown that it may be induced by a 
variety of conditions and substances: Jt follows on the site of chronic 
inflammation; it may arise in many benign congenital aiul other 
types of benign tumors and congenital defects; it may be induced 
by coal tar, other li]x»id solvents, roentgen niys, radium, bacteria and 
certain animal parasites. While nuiny of these substances and condi¬ 
tions were shown C!q)able of inducing c<incer, it was :dso noticed that 
they are unimiiortant in the eventual course of this disease. C'ancer is 
an independent growth of body cells which may be induced by ;my one 
of these conditions and substances but, once established, then proceeds 
indeijendently of them. The tinst important problem to be solved in 
cancer is the conditions allowing such an inde])endent growth of the 
cells. 

This problem was investigated by one of us (M. 'I'. B.) by means 
of the tissue culture. It was found that single cells c:innot grow in a sim¬ 
ple body medium, such as blood plasma. Growth can intervene in this 
medium only about densely cellular fragments and it proceeds about 
these fragments only when they are placed in a very small stagnant 
quantity of this medium, which is well supplied with oxygen. This 
growth depends on the accumulation and maintenance of a certain 
concentration of a primary product of the cells about them. This 
product is formed by them through the oxidation of foo<l materials. 
It is soluble in the blood, in serum and in isotonic sodium chlorid 
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solution. This substance or substances has been called the archusia, 
or the laboring substance, of the ceU. 

The body cell is a drop of fluid cytoplasm in whidi floats a fluid 
nucleus. It also contains fat droplets, centrosomes, mitochondria and 
other formed bodies floating in its cytoplasm. These cells have no 
organization other than centrosomes (active only in cell division) for 
transforming their energy into work. These cells can induce reactions 
between certain food substances and oxygen with the formation of the 
archusia. The archusia acts on the cell in proportion to its concentra¬ 
tion. In low concentrations (5*1) it has no effect. In a medium con¬ 
centration (5*3) it acts to liberate another substance from the cell’s 
protoplasm, the ergusia. The erg^sia is a lipoid soluble substance 
readily adsorbed by fats and proteins. Small mobile particles of pro¬ 
teins and fats are drawn into the cell as this substance is liberated into 
a medium in which it can diffuse. Larger masses of proteins and fats 
draw the cells to them. The cell grows by this ability to take up these 
proteins and fats. Its migration is the result of the same reaction and 
occurs when the cell meets masses of proteins and fats having a 
greater inertia than itself. The ergusia is not the same in the different 
cells. It is highly selective in its action on proteins but not on fats. 
All cells are attracted by fats. The ergusia of the connective tissue 
cells coagulate fibrinogen to fibrin while the ergusia of the leukocytes 
and lymphocytes does not. The different cells in the body differ from 
each other in their chemical make-up. They grow always to reproduce 
themselves. This sj^ecificity in their growth may be readily referred to 
the specificity of their ergusia and the specific selection of food sub¬ 
stances by it. 

In high concentrations the archusia ( 5 *.,) causes the proteins and 
fats to be digested; the cell grows and divides l.)y mitosis. In all 
higher concentrations (S4) the cell is digested and destroyed. 

The archusia is apparently the same in all cells. The archusia 
extracted from one cell sets up the reactions mentioned above in other 
cells. None of these cells except ixjssibly the striated adult muscle 
fibers can retain their archusia. P'or them to grow independently they 
must l>e crowded, therefore, into a small stagnant area in which their 
archusia cannot escape from about them. Since the archusia is not 
specific, these same cells can be made to grow dependenth', how¬ 
ever, by supplying archusia from the outside. In such cases their 
growth must be limited always to the supply, and wholly under the 
control of the outside forces supplying this substance. 

In the light of these facts, it became evident that cancer may be 
none other than the result of a primary reorganization of tissue in the 
body. There was no evidence that the independently growing cells of 
the culture had changed primarily. The change leading to their growth 



32 


was in the environment. Applying these principles .to the study of 
g^wth as it is observed in tlae body, it became evident that all growing 
tissues of the normal organism are cellular and have a stagnant circu¬ 
lation and that this stagnation and cell crowding reaches its greatest 
development in cancer. The question therefore arose. Is cancer other 
than the result of the building of a dense mass of cells free from blood 
vessels? The proof of this deduction lay in showing that such a mass 
once built will reproduce itself and that the substances and conditions 
that lead to cancer act only to build such a tissue organization. 

It was found by means of the culture and a study of wounds tliat 
any dense, stagnant mass of tissue may nut only grow but also destroy 
readily any less dense and stagnant tissue. Not only the surrounding 
tissue cells but also blood vessels suffer in this destruction. Such a 
mass once established can thus continuously reproduce itself through 
a growth of its cells and the continuous destruction of its blood supply. 

The action of coal tar and com oil in the production of cancer have 
been investigated. It lias been found tliat they liave no stimulating 
action on the growth of the cells, but act only to disrupt the normal 
organization of the tissue and build a densely cellular tissue relatively 
or wholly free from blood vessels and intercellular substances. 'I'hese 
oils act to collect these cells merely Ijy dissolving the ergusia, the lipoid¬ 
like sub.stance of the cell. The cells are drawn to the edge of the dro]> 
merely throtigh this adsorption by the oil of their ergusisi. 'Phe ergusia 
liberates the energy for the migration of the cell, through its strong 
affinities not only f(»r the cells but also for the «»il. It thus «lecrt*ases the 
surface tension of the cell in the presence of the «»il. 

A single drop of co:d tar, corn oil or ]>araflin is limited in this 
capacity. It soon becomes .saturated with the ergusia. It cannot draw 
a sufficient number of cells or form a sufficiently large ma.ss of these 
cells for them to overcome the re.si.stnnce of the outsicle and thus take 
food to themselves. With each new addition of the oil, more and more 
cells are drawn to the drop until a cancer is built. 

We have not studied the action of roentgen rays, radiuin :ind :inimal 
parasites in the hiboratory. It must be ])ointed out here, however, th<'it 
the only tapeworm larva known to induce esmeer is the cysticercus 
of the cat tapeworm. This larva produces changes in the tissues of 
the host which are different from those produced by the larvae f*f tape¬ 
worms, which do not induce cancer. It induces a densely cellular 
tissue capsule about it. This cai>sxtle is a dense mass of fibroblasts, 
while that induced by the echinococcus, a noncancerous producing 
parasite, is a h 3 raline, fibrous one containing very few cells. Wolbach,"" 
in 1909, had shown that die roentgen ray acts on the tissue to reduce 

56. Wolbach, S. B.: The Pathological Histology of Chronic X-Ray 
Dermatitis and Early X-Ray Carcinoma, J. M. Res. SI:415, 1909. 



33 

the blood vessels and change them. It acts, therefore, also to build 
a cancerous organization. 

Bacteria are now being studied carefully. They act differently 
from the tar to produce, however, the same nonvascular cellular 
organization in the tissues. Smith had noticed that Bacillus tuine- 
faciens when introduced into the tissues of a plant induces the cells to 
proliferate actively. In studying the action of this organism in the 
animal, we find it causes the cells with which it comes into contact 
to proliferate without the formation of normal body structures, such 
as the blood vessels and intercellular substances. It acts to produce by 
proliferation a local dense mass of cells that is identical to the masses 
formed by the drops of oils throt^h collecting the scattered cells of the 
tissues about them. Extracts of embryo and Berkefeld filtrates of 
malignant tumors, which are rich in archusia, act in the same manner 
to stimulate the tissue cells to proliferate. Drops of oil act to disrupt 
the normal organization of the tissue and build one peculiar for cancer 
in that they are able to attract the cells from the tissue to them 
(Fig. 17). The bacteria produce the same organization by stimulating 
the cells that lie between the blood vessels to proliferate and thus to 
form a crowded cellular mass (Fig^. 18 and 19). The blood vessels 
do not grow to any extent because the stimulus is continuously washed 
away by them and cannot concentrate on their lining endothelial cells. 

The latter exiieriments on the action of bacteria are interesting in 
that they show that certain bacteria can liberate growth stimulating 
substances not unlike those liberated by body cells. 

In the further study of the properties of tissue cells, it has been 
shown tliat these simple active fluid systems when polarized or placc<l in 
an environment in which the archusia can concentrate only at one of 
their ends, suffer a rhythmic explosive breakdown of cither the ergusia 
liberated at the one end where the archusia is high or the substance 
adsorbing it in the envimnment. These breakdowns are expressed in 
muscle by contraction, in the glaml cells by secretion, in the nerves by 
cfnifluction. Function is the result of such a imlarization. In the body 
this polarization is inducetl by the interspersion of blood vessels between 
double columns of cells. In the culture function is produced by placing 
the same conditions about the cells. The blood vessels bathing one end 
of the cell remove the archusia formed at this end of the cell. It accu¬ 
mulates at the other end of the cell away from the blood stream. 

In the light of the foregoing observations, cancer maintains when 
the cells are crowded together in an area having a greatly reduced blood 
supply. Function is a property of a rich blood supply in properly 
arranged blood vessels. It is something which takes place at the 
expense of the growth reaction of the cells. It reaches its greatest 
development in an environment that must inhibit growth completely 
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unless the cells are supplied with archusia by other means. Function 
is soniethingf which has been imposed on the cell by outside forces 
and not something which the cells will tend to develop at their own 
initiative. The question confronted us. What is the nature of these 
outside forces? 

As has been noted, single cells isolated in a drop of plasnia and 
groups of cells washed with a stream of serum cannot grow. The same 



Oil droplet 

Fig. 17.—^Manner in which a dnip nf oil attracts colls when placed in the 
tissue; it disrupts the normal organization of the tissue and Iitiilds a cancerous 
organization. 

cells can be made to grow by adding archusia to these mediums. As slated 
above, such growth is not indejjendent but dependent on the source of 
the archusia. In the animal organism there is no evidence to show that 
the cells lose their power to grow at any time. The prevention of an 
active, independent growth of these cells and function in the normal 
organism is wholly dependent on the organization of the normal organ¬ 
ism, the arrang^ement of its blood vessels and cells. 
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In other studies in this laboratory, it has been found that the cells 
of the normal body do not grow independently at any time from the 
egg to the death of the adult. At no place are th^ crowded sufficiently 
and their environment sufficiently stagnant to allow them to grow without 
an outside source of ardiusia. In canceir conditions are different; the 
organization about the cells has changed to one in which the cells are 
crowded sufficiently and their relative .circulation sufficiently reduced for 
them to form enough archusia and retain it in a concentration ample for 
them to gfrow independent of any outside source. 

In the light of these facts it becomes evident, therefore, that growth 
in the body must be at all times dependent on a source of stimulus from 



Fig'. 18 .—Site of introduction of tumor forming micro-orguni.sm or extract 
of an actively growing tissue. 

the outside: the mother, the yolk of the egg or the food. It is a well 
known fact that one cannot exist on proteins, fats and carbohydrates 
alone. Other accessory food substances are necessary. These have been 
termed vitamins. It has been shown above that when B. tmnefacietis 
is introduced into the tissues it stimulates the cells to proliferate. They 
grow to form a densely cellular nonvascular mass. The same is true 
for extracts of embryos or any other actively growing tissue. Under 
normal conditions these substances cannot gain entrance to the body 
except through the food. In the food they must enter the blood vessels 
first and then gain access to the cells. Under such conditions they 
will not act to build a cancerous organization. The blood vessels must 
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suffer the greatest stimulation. They must grow, therefore, in excess 
of the cell between them and form a vascular rather than a nonvascular 
tissue. 

In the light of these facts, it became of interest for us to study the 
action of B. tumefadens and the extracts of embryos when injected and 
when fed to the animal. One of us had already noted that extracts of 
actively growing embroyos when injected into the skin stimulate an 



Fig. 19.—Result uf iiitruductioii uf tirniur funning niieru-nrgantsin nr extiiiot 
of an actively growing tissue into the tissues. The cell iiroliferales without 
the formation uf intercellular substances ami blood vessels. 'I'liese Iiaeleria or 
tissue extracts by stimulating the cells tu proliferate accompli.sh the .same result 
as oil in attracting the scattered cells of the tissue. 

active growth of cells and cancers.’*" We are tiow investigsiting the 
effect on the growth of young rats of feeding B. imncfacit'us tind 
extracts of embryos.**^. Two day old and 5 day old cultures of B. tumc- 
faciens (Smith) were fed to rats in a diet free from vitamin li and 
in a diet free from vitamin A. The rats fed on 2 day old cultures in ii 

57. Burrows, T.: Studies to Determine the Biological Significance of 
the Vitamins, Proc. Soc. Exper. Biol. & Med. SS:241, 1925. 
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diet containing^ vitamin A (butter) grew as well as those fed on the 
same diet containing autolyzed yeast instead of the bacillus. The rats 
fed on the 5 day old culture grew as actively. Eactracts of embryos 
tliat had been shown to be rich in the archusia have also been fed. These 
extracts act only as vitamin B substitute. In other experiments we have 
sought for stimulating substance in the glands of internal secretion. 
The studies on the ovary have now been completed. The AUen-Doisy 
hormone extracted from the follicular fluid of the ovary is found to be 
rich in an active growth stimulus. Whether this stimulus acts as 
substitute for the vitamins we have not determined. 

From these observations on the effect of feeding these substances on 
the growth of the animal, it becomes evident, therefore, that the control 
of body growth, its form and function must depend on three factors: 
(1) a complex egg cell capable of giving rise by division to multiple cell 
types; (2) an absence of the power of the cells of the body to retain 
their archusia, and (3) an active supply of archusia from an external 
source aided probably by certain glands of internal secretion. 

It has been possible for us to show in the laboratory that when a 
stimulus is introduced into the tissue it stimulates an active growth of 
cells and a cancerous organization. When fed it produces a normal 
vascular tissue. When placed in the tissue it stimulates the cells to grow 
without organization. From the food it enters the blood vessels first, 
and stimulates them to g^ow more than the intervening tissue cells. A 
v:iscular-functioning tissue is thus formed. 

The bodies of higher animals must be, therefore, the result of an 
evolutionary development. Their function and normal growth is not 
a property peculiar to their cells, except in an environment rich in 
gp-owth stimulating substance, the archusia or something similar. This 
substance forcing its way in from the outside builds the vascular system. 
Function is not a normal act of the cells, but something imposed on 
them by the bo<ly organization thus controlled from without. The 
bodies of higher animals survive, grow and function only through this 
outside aid. Such stimulants are formed probably only by living cells. 
The body exists through preying chiefly on lower nonfunctioning gprow- 
ing forms. While the glands of internal secretion must aid in the 
directing of these stimuli, the chief source of these stimuli is probably 
from without. 

In the cancerous state the cell alone reaches its full independence. 
In further proof for this deduction, it is interesting to note that 
Cramer “ has found that the growth of transplanted tumors of rats is 
not influenced by the absence or presence of vitamins. We have 

58. Cramer, W.: Dietary Deficiencies and the Growth of Cancer, Eighth 
Scientific Rep. Imper. Cancer Res. Fund, London, p. 17. 
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repeated and confirmed these exiieriments.*”' In cancer the cells are 
able to live an existence independent of specific substances in the diet. 
In the crowded, stagnant environment of cancer they can conserve their 
energy, the archusia, and build their j^arts from simpler substances. 

Tlie cancer cell is not primarily different from the normal cell. The 
primary change in cancer is a reorganization of the tissue so as to 
produce a densely cellular mass having a relatively poor circulation. 
While it lias been shown from the work of Nuzum,^” Blunienthal, Auler 
and Meyer that a certain number of cancers of man undoubtedly owe 
their origin to bacteria, it must be clearly emphasized here that tliis does 
not indicate that cancer is infectious. Cancer may be jiroduced by any 
one of a number of conditions and substances tliat primarily build a 
dense mass of cells in the organism in such a manner that the circulation 
is so reduced that this mass receives at its periphery an ample oxygen 
supply, but is otherwise stagnant. The conclusions drawn by Oxner *“ 
and Nuzum are not ba.sed on the facts at hand and are thus wholly 
uncalled for and may do harm.®^ Blunienthal, Auler and Meyer have 
carried their work further than Nuzum. They found it impossible to 
draw such conclusions.®® Cancer is the normal means of the cell to 
survive when unaided from without. Tt must always be the normal 
outcome of a certain number of aging orgiinisins. 

The difference between the canceroti.s tissue ;iii«l the nonnal is the 
difference between the greater conservation of growth energy in the 
cancer than in the laxly outside. C.)nr immediate boi)e for the medieal 
treatment of cancer dties not lie in an ability to e(|nalize the energy in 
the liody over that in the cancer, hnt in iiiiding some means to over¬ 
whelm the growing cancer cells. If we raise the. amount of archnsia in 
the blood to that in the cancer, the growth of the cancer must cease, but 
function cannot maintain under these conditions, h'nnction depends on 
the absence of, or a very low, archnsia at the end of tin* ci‘ll in contact 
with the blood stream and a high value at the oi>posite iMid. 'The aiiiount 
of function is the difference in these energy values. When we <le>nand 
increased function, the circuhition increases. When we eat a big dinner 
and load our blood with growth stimulus from without, we become 

59. Burrows, M. T., and Jorstad, I.,. H.: Uiipuhlishod iioto.s. 

60. Oxner, A. J.: Cancer Infection, Surf;., (lynec. & Olwt. 40:.336. 1925. 

61. Soper, S. A.: The Application of Facts and Opinions Kesultiiif; from 
Laboratory Experiments to the Practical Work of Cancer tTontrol, Surg., (iyncc. 
& Obst. 40:334, 1925. 

62. The same evidently applies to the recent work of Cye and Barnard reported 
in the Ij^r press and in J. A. M. A. 85:368 (Aug. 1) 1925, at the time this proof 
was being corrected. Tlie Rous chicken sarcoma has long been suspected as 
being due to a bacterium. This is not true of many of the sarcomas and 
carcinomas of rats and other animals. Gye and Barnard will undoubtedly find 
that extracts^ of any actively growing tissue, many bacteria and other substances 
capable of stimulating cells will induce cancer if properly introduced (Footnote 48). 
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dull and drowsy. After a day of active blood circulation, we become 
■exhausted, our blood pressure drops, we sleep. The cells must be 
allowed to grow, to recuperate their loss of substance through function. 

We have found, however, that when the archusia is raised in the 
medium of a tissue culture to a certain high concentration ( 5 * 4 ) the 
cells are digested. Cancer cells and actively growing embryonic cells 
can be xnade to suffer such digestion by adding to the medium con taining 
them only one-tenth of the amount of archusia capable of stimidating 
growth in fresh normal adult tissues. Whether this can be used for 
treatment is yet to be investigated. It is possible that other more 
simple means will be found to destroy the cancer without destroying 
normal cell. The means to discover such substances or condition will 
probably be found in a more careful analysis of roentgen rays and 
other substances inducing cancer and in more study of the details of 
cellular growth and function. 

CONCLUSIONS 

1. The tissue culture has given us an entirely new idea of the struc¬ 
ture and activity of body cells. Our earlier ideas had been gleaned 
entirely from a study of complexly organized unicellular organisms and 
a study of the morphology of body cells. The tissue culture has allowed 
us to study for the first time the mechanism of growth and function in 
these cellular elements. They are one of the few cells in nature which 
have a simplicity of structure sufficient to make such an analysis. 

2. Cancer is an independent growth of these cells. It may be 
induced by any one of a number of conditions and substances. C.)nce 
established, it proceeds indeiiendently of these causative agents. 

3. An active indeiJendent growth of body cells depends on a crowd¬ 
ing of the cells together in a stagmint area or an area liaving a relatively 
poor blood supply. Cancer lias this kind of an organization. 

4. It lias been found that such an organization can reproduce itself 
through the fact that it destroys through its growth the normal tissue 
and blood vessels about it. 

5. Tlie action of drops of com oil and coal tar on the tissue has 
been investigated. It lias been found that they act to build a dense, 
stagnant mass of cells by drawing the tissue cells to them and away 
from their intercellular substances and blood vessels. 

6. 'Hie bacteria that induce cancer act in the same manner to build 
a tlensely cellular stagnant mass of cells, but by a different means. They 
induce such a mass of cells to form by stimulating the cells of the 
tissue to proliferate without forming to any extent intercellular sub¬ 
stances and blood vessels. 

7. These factors of stagnation and cell crowding become important 
for growth because the growth of body cdls depends on a certain con- 
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centration of a primary product of the oxidation of the cells, the 
archusia. This substance is soluble in blood. The cells cannot- retain 
it in quantity. Its concentration is at all times under the control of the 
environment. 

8. Function is likewise determined by the environment. It main¬ 
tains in an environment rich in blood vessels so placed that they pass 
close to one end of the cell. The other end of the cell away from these 
vessels accumulates archtisia and is active. Tlie end near the vessels is 
inactive. Function is tlie result of an explosive breakdown of such a 
polarized cell. This was proved by a direct analysis of isolated func¬ 
tioning’ cells in the cultures. 

9. Body cells can be made to grow not only through the accumula¬ 
tion of their own archusia, but by adding archusia from outside sources. 

10. Function is something tliat maintains only in an environment 
that inhibits an independent growth. It occurs only in a richly vascu¬ 
larized tissue. Function is something imposed on the cells of the body. 
For them to sur'vive in such a state they must be supplied with growth 
energy from other sources. This functioning tissue is formed and 
maintained by growth stimuli entering the blood vessels from the diges¬ 
tive tract. These stimuli act in the capacity of vitamins. They represent 
the growth energy of other living things. 

11. Cancer maintains without these accessory food factors. 

12. The functioning organism is evidently the result of an environ¬ 
ment rich in growth stimulating substances supplied by preexisting lr>wer 
growing and nonfunctioning forms. 

13. In cancer the cell becomes independent, 'riie cells in the aging 
organism must tend to revert to this stale. Any tissue m;iy be marie 
cancerous by anything that frees the cells of the effect of their inter¬ 
cellular substances and an active circulation of blood. 
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TEN TZGUBSB 

Experimental biology has received in recent times a most 
important method in the tissue culture. In May, 1910, in 
Harrison’s laboratory, Burrows used blood plasma for the 
first time as a medium for cultivating the tissues of frogs. 
He also cultivated for the first time the tissues of a warm¬ 
blooded animal (the tissues of chick embryos in plasma from 
the blood of adult chickens) and observed mitoses in cells. 
He thus established definitely a means of cultivating tissue. 

The blood plasma has very special technical advantages 
over the lymph which had been used previously by Harrison 
in that it can be obtained in quantity and from any of a large 
number of animals. The proof of the great interest which 
this work aroused is that about 400 papers have appeared 
between May, 1910, and to-day. These 400 papers can be 
divided into three classes. The first class of papers contains 
a description of the method together with many modifications 
and a general description of the biological characteidstics of 
the cells as they are seen in the peripheral zone of the frag¬ 
ments. The greatest niunber of the 400 publications are in 
this first class. In the second class, which contains a smaller 

* Beaearch Fellow, Bockefeller Foun^tion, Division of Medical Bducation, 
Assistant Prof, of Anatomy, University of Budapest (Director, Prof. K. Tellyes- 
niezky ). 
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number of these papers, the authors have made sections of 
these cultures and studied carefully all the morphological, 
histogenetic, and cytological changes which take place not 
only in the peripheral zone, but in the transplanted fragment. 
In the third class of papers the method has been used to 
attack bacteriological, serological, pathological, and phar¬ 
macological problems. 

In spite of this very large amount of work which has been 
done, it is interesting that no one has come to any definite 
conclusions about the general characteristic reaction of cells 
in vitro and the relation of the behavior of these cells in the 
cultures to their behavior in the body. Both Ohlopin (’22) 
and Bhoda Erdmann have noted this fact. Champy found 
epithelial cells after a few days to assume a spindle shape. 
In the same way he found muscle, bone, and cartilage colls 
transforming themselves into cells resembling simple fibro¬ 
blasts. dhampy thought these cells had dediifcrcntiated or, 
in other words, they had returned to a common primitive 
t 3 ^e. In the body he thought difforontiation is the roKiilt of 
forces acting about these cells. The new medium reloaHOH 
the cells from these forces and returns them to one common 
type. While Uhleuhuth and Foot liave accepted this tlieory, 
other authors do not believe tliat cells lose iludr specifudty in 
the cultures (see papers by Oongdon, (-arrel, Ijurnberi, Hanes, 
Oppel, Ebeling and Fisher). A third groii]> of authors, 
Awrorow, Timofojewski, Ohlopin, Maximow and Atlorhury, 
find no (lediiferentiation. They find that the cells may 
undergo a further differentiation in the cidtures, the sanu* 
as they do in the embryo. 

The question arose, what is the cause of these difl:erenc(<s 
of opinion and results; is it due to differences iii the t.echiii(r 
used or to other factors Y After a careful study of sections 
of cultures prepared by Champy and others of my own in 
the laboratory of Tellyesniczky, I concluded that these dif¬ 
ferences in the behavior of the cells described by different 
authors are wholly the result of the technic which they used, 
and not differences in the interpretation of the same results. 
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To prove this more de&aitely, I have imdertaken a study 
of the behavior of the cells of the ureter of young rats in 
various kinds of culture media. 

MATBBIAI^ ANI> METHODS 

The ureter was chosen as a tissue very suitable for this 
study, because it contains epithelium, muE(ole, and connective 
tissue. These are the three tissues about which we find the 
greatest divergence of opinion in the literature. The ureters 
used in these cultures were taken from three-weeks-old white 
rats. At this age the rats measured 6 to 8 cm. in length. 
The middle centimeter of eadi ureter was used. This was 
cut into two pieces. One half was fixed and sectioned to 
determine its normal histology, the other half was cut into 
small pieces and tested in the culture media. These ureters 
are very small and dry quickly. In order to obviate this 
drying, I removed them from the animals and cut them in 
a dish of 0.73 per cent salt solution. The ureters were 
removed from the rats when they were living and under ether. 
lOiglit rats were used for these experiments, and in each case 
a part of both ureters was cultured. From each rat ten ex¬ 
perimental cultures were prepared and two pieces were sec¬ 
tioned to determine the noimal histology. 

Four different media were tested in these experiments. In 
the first series of experiments chicken plasma was used, wliicli 
I found already prepared in tlie laboratory in large quanti¬ 
ties. The plasma which I used was eight months old. It 
had remained in small glass tubes in the ice-box dui'ing 
this time. These tubes were not paraffin lined. They wore 
ordinary glass tubes which had been well cleaned 'with soap 
water, acid, and steam. In none of these tubes did one fijid 
that any clotting lia<l taken place. The plasma, on the other 
liaial, clotted (piickly when the rat tissue was added to it 
Acconling to l^urrows, paraffin is not necessary for the pres 
ervation of a fluid chicken plasma. This plasma had been 
prepared by him (Burrovrs, ’19). I also found that it is 
as easy to prex)arc the chicken plasma in clean glass tubes 
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as ill paraffin-lined ones and that the cells grow as well in the 
old as in fresh plasma. For all those studies I used hanging- 
drop cultures according to the original method of Burrows 
published in 1910. Burrows has found th$it a salt solution 
0.73 per cent is physiological for rat tissue, while chicken 
tissue grows better in 0.9 per cent solution. For this reason, 
when 1 used chicken plasma, I diluted it with distilled water 
so that its osmotic pressure became equal to a salt solution 
of 0.73 per cent. This last per cent of salt solution he has also 
found to be the best for all mammalian tissues, including man. 

Ill all experiments with plasma I diluted the plasma from 
one-quarter to one-half witli the salt solution which is isotonic 
for rat tissue. This I did because Burrows (’13) had found 
that the zone of proliferation is increased by the addition 
of salt solution. The cause of this increase in the migration 
and growth is due in part to the action of thb NaOl and in 
part to the dilution of the fibrin portion of the jilasma. In 
the second series I used chicken plasma and an extract of 
rat embryo. The embryonic extract was made from a ral 
embryo 2i cm. in length. The embryo was first cut into small 
pieces and ground in a porcelain mortar with salt solution. 
I obtained first a turbid fiuid by this method. Tliis was 
centrifuged and the clear supernatant part was used for tin* 
cultures. Where 1 used these extracts .1 added it <ui(t pari 
to one part of plasma. In the third series I used rat iilasnia 
half diluted with salt solution. I found it very difficidt to 
prepare pure rat plasma—^it clots very quickly evesn in 
paraffin-lined tubes. For this reason, in the fouidh sitries of 
experiments, I used plasma prepared from the blood to which 
a known quantity of sodium oxalate was added. In this last 
experiment I also added embryonic extract. To this embry¬ 
onic extract I added sufficient calcium chloride to just 
precipitate the oxalate and reestablish the normal calcium 
balance of the total medium. In preparing such cultures I 
first placed one drop of oxalated plasma on the cover-glass; 
to this I then added one drop of the embryonic extract con¬ 
taining the calcium chloride. The two were mixed together 
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and the tissue added. The calcium oxalate crystals were 
left in the medium (Burrows, *11; Barta, *23). 

In every experiment the fragment of tissue was trans¬ 
planted from the first drop of medium to a second after 
twenty-four hours. Burrows has found that the clots will 
not liquefy about fragments of normal human adult con¬ 
nective tissue if they are transplanted after twenty to twenty- 
four hours from the first liquefied drop of medium to a second. 
After lying for this time at 37°0. in the first drop of plasma 
which they liquefy, they fail to liquefy the second, but grow 
in it. The same I found true for fragments of the ureter 
of rats, which also contain epithelial cells. 

All cultures were studied in a warm box while living and 
afterward were fixed in Zenker-formol (Maximow*s modifica¬ 
tion) ; some of the cultures were stained in toto with 
hematoxylin and others embedded in ceUoidin-paraffin and 
serially sectioned. These sections were stained with eosiu- 
azure. In several instances I wanted to study the same culture 
stained in toto and later in sections. In such cases I stained 
the whole culture with hematoxylin and mounted it in cedar 
oil. After completing my studies of the whole culture, I then 
cut it loose from the cover-glass, embedded it in celloidin- 
paraffin, and serially sectioned it. 

A STUDY OF THE OULTURBS 

The tissue used in all of these experiments consisted of 
fragments 1 nun. in length, cut through the whole wall of 
the ureter. Bach contained epithelium, connective tissue, and 
muscle as they occur in the normal ureter of these rats, as 
shown in figure 1, the reproduction of a drawing of a longi¬ 
tudinal section of the ureter of a three-weeks-old rat. It is 
to be noticed that in these young rats the compact and 
refringent layer of protoplasm on the inner surface of the 
epithelium (‘cuticula’ of Hamburger) has not developed. It 
is also to be noticed that there are only two layers of muscle— 
an outer longitudinal layer and an inner circular layer. 
Otherwise the histology is the same as in the completely 
developed animals. 
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The reaction of the cells of the ureter in a medium 
of chicken plasma 

In a medium of chicken plasma the connective-tissue cells 
migrate out from tlie fragment into the medium. These colls 
show two types of morphology. A part of them are elongated 
slender spindle cells sot close together. Another part of 
them appear as irreg^ilar polygonal cells or as incomplete 
spindles or ovoid or round cells. Many of the smaller round 



Fig. 1 Cfimeru-lucida drawing of a longitudinal Hoctioii of tlio iindor of a 
tlireo-weeka-old rat, stainod with homatoxyliii, ooaiii, and oriingo O. 


cells are evidently lymphocytes, while the larger ones arc* 
undoubtedly only connective-tissue cells. All of these cells 
contain fat-droplets and many of the more irregulai* 
polygonal cells also show phagocytosis of foreign matter. 
No evidence of growth or mitotic coll division was seen in 
any of the cells in chicken plasma. The long slender spindle 
cells are like the fibroblasts. A part of the polygonal colls 
resemble the so-called wandering phagocytic cells and another 
part are evidently the reticular cells of Maximow. A part 
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of these varions types of cells are illustrated in the 
drawing (fig. 2). 

Three rats were used for these cultures in the chicken 
plasma. Thirty cultures were prepared. The epithelial cells 
became active in only one of the thirty cultures. Serial sec- 



Fipr. 2 A eaniera-lueida drawing of the cells migrating from a fragment of 
into cliickoii plasma. There are spindle-shaped fibroblasts, reticular cells 
of Miixiiiiow, mid lymphocytes. 


tioiiH of many of these cultures showed that the epithelial 
coIIh ill most eases had degenerated in situ. When the frag¬ 
ments ai'c carefully cut, the epithelial cells are inside. In the 
one culture wdicre they migrated out (fig. 3) the fragment 
had become turned inside out. In direct contact with the 
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chicken plasma, the epithelial cells had reacted. Away from 
it, they degenerate quickly, while the muscle and connective 
tissue remain intact for some time and show activity. 



Fig. 3 A eamera-lucida drawing of tlio one side of tlio friignieut of tho uretor 
in cliicken plasma where the epithelial cells showed activity. A column of 
connective tissue is also migrating bolow the epithelial membrane. 


In this culture it is also interesting to note that the 
epithelial cells did not liquefy the plasma and destroy the 
connective-tissue and muscle. It was possible, therefore, 
for the connective-tissue cells to migrate also from the frag¬ 
ments.- This movement of epithelial cells and their failure 
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to liquefy the plasma did not occur in the first drop of 
plasma, but in a second. The fragment had been transplanted 
after twenty-four hours to the second drop. The picture was 
made on the fourth day of the sojourn of the fragment in the 
second drop of plasma. 

The reaction of the ureter cells in a medium composed of one 
part of chicken plasma and one part of cm extract 

of a rat embryo 

Twenty cultures of this kind were prepared from the 
ureters of two rats. In this medium the epithelium instead 
of the connective tissue or muscle cells migrated out from 
the fragment into the medium. In about one-half of these 
cultures an epithelial membrane surrounded the fragment 
completely and in the other half of the cultures membranes 
extended out only from one side. In this medium the con¬ 
nective tissue failed to react in practically every culture. The 
balance between connective tissue and epithelial cells in this 
medium is the reverse of that seen in the pure chicken plasma. 
The epithelial cells are dominant in this medium, while the 
connective-tissue cells had dominated in the culture of pure 
chicken plasma (fig. 4). 

In this latter figure it is to be noticed that all the epithelial 
cells have not remained in the membrane. A few have 
migrated into the medium to take a spindle or spherical shape. 
There was no evidence, however, that these cells had other¬ 
wise changed in diaracter. They continued to stain like 
epithelial cells. As noted above, connective-tissue cells may 
also round off in parts of the culture. They likewise con¬ 
tinue to stain like connective-tissue cells. 

The reaction of the ureter in drops of pure rat plasma diluted 
one-half with 0.73 per cent NaCl solution 

Only a few cultures were prepared in the pure rat plasma. 
I had considerable difficulty in keeping the rat plasma from 
coagulating. In these few cases the cells did not migrate 
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very actively. A section made across one of the cultures of 
this series is shown in figure 5. It is intereHting to note that 
the tissues in this case retain their specifi<iity almost com¬ 
pletely. The opitlielial cells dr) not degenerate. They 
migrate, but show no mitosis. The muscle and the connective 
tissue also retain their characteristic form. There was no 
evidence of derlitfcrcntiation in this fragment. This section 
is made througli the middle part of the culture. 



Fig. 4 A miTiorii-liicidii drawing cif tlitii iir<*fi*r in a iniMliiim of cdiirkon plaHiiia 
and ombryo oxtruvt^ A inoinbrano of opitlicdial c*o11h Iioh HproacI out froin tin* 
fragment. laolntcd epitludiul eella at llio outer liordor of tlii> iniuiiliraiio h:ivi* 
taken Bpindle and Hplic*ric.al Hliap<*H. 


The. reaction of the tissue, of the ureter in oxatated rat 
plasma and embrijonic extract 

In this series twenty cultures were pn^pnrt'd from tli<* 
ureters of two rats. In iliese cultures ns in tlu< culliirr^s of 
pure rat plasma the connective-tissue cells failrMl to migrate 
out in any number. One also sees a very meag<*r outward 
spreading of the epithelial layer. Herial sections of th(‘s«* 
cultures are interesting. Within the fragment the epitludial 
cells have not degenerated. They have grown most actively 
and divided by mitoses (fig. 6). The muscle and the con- 
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noctive titiHuo, on the other hand, has undergone degenera¬ 
tion of a hyaline-like type. One sees in many parts of this 
dgure no nuclear material in the musoularis and the tunica 
I)roi)ria. Note also in the drawing of the section how the 
epithelial layer has thickened irregularly and that the mitoses 
are located in the cells nearest to the hyaline connective 







Fiif. 5 A eameni-lucida dniwing of a section of a culture of ureter in rat 
plasma. All tissues have retained their speeilieity after four days in this medium. 


tiesuo and muscle layers. In this culture from which the 
Hoction drawn in figure 6 was taken the epithelial cells had 
romainetl in tlio central part of the fragment. There is also 
a conniderahle amount of retroperitoneal fat attached to 
one side of the fragment. In one section which passes through 
this fat I noticed that epithelial cells have migrated from 
tlie central region and have invaded this retroperitoneal fat 
tissue. Here they have grown and divided (fig. 7). In 
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Fig. 6 A i-amera-lueida drawing of a sevtion of a cnhnre of ureter of the rat 
n rat plasma and embryo eitniirt. The i^inneetive tissue and the muscle cells 
Mve degenerated. The epithelium is proliferating artively. Xote the mitoses. 
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Hiioihur HGction, 'which was cut through the periphery of this 
fragment (fig. 8), one sees that the epithelial ceils have 
invaded a dense mass of connective tissue of the adventitia. 
Among these invading epithelial cells one finds mitosis and 
there are also multinuclear cells. The epithelial cells invading 
the cunne<‘.tive tissue and fat have poorly defined margins. 
The invasion is quite typical of cancerous tissue. In other 



Pig. 7 A eumoru-lucida drawing of n seftion of ureter in rat plasma and 
embryo extract. Tlie epitlielbil cells have spread from the center of the fragment 
of ureter and invaded the retroperitoneal fat-tissue of the fragment. Many 
initotie figures are seeir in tliese invading colls. 


parts of this culture, where one finds no invasion of the fat 
by epithelial cells, other changes in the fat-tissue are inter- 
eking. In place of the fat-cells one finds an increased number 
of cells like fibroblasts and mitosis in these cells. The fat- 
cells have apparently lost their fat and returned to their more 
primitive type. 

To complete the demonstration of the difference in mor¬ 
phology of the same 'tissue in different media, I have included 
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two microphotograijhs. In a mcklium of pure ohiekon plasma 
one sees that the connective tissue anti the muscle of the 
ureter is most active and has proliferated. The epithelium 
is degenerated in this fragment (%. 9). In a medium of rat 



Fig. 8 A wuiu'ra-lucidft dmwing «if iinollinr of ii of iindor in 

mt plnamii nnd oniliryo oxtriict. In thin Hwtloii llii* opHUoIiiil poIIh liiivo iiiviulcd 
the fiomiwtivo tiHBUo of tin- iidvwititia of tlio friigim*nl.' TIiitc ;iri* mitoHiH :ind 
inuitinuclear cells as in c.iiiicor. 


plasma containing embryonic extract (fig. 10), llie 
cells are more active. In this section the e]>ithelinl eells have 
grown around the edge of the fragment and are inva<ling 
ilie degenerated connective tissue and muscltt of tin* un*t(*r. A'. 
At Y in this figure one sees one of the mitotic figures <lrawn 
in figure 6. 






Fig, 9 A loinophotograph of a section of tbc nietei in ebieken ^buna. It shows the eonneetin tuns and 
mniiBlp of the ureter suffering proliferation like the epithelial eeUs in the ilgnre 10. 

Fig, 10 A mierophotograph of a seeHon of the ureter in rat plasma and embryo eitraet. This section ehowi 
the proliferation of the epithelial cells. They are surrounding and invading the adventitia and one sees the ^ 

jfy inff Btinn of the conueetive tissue and muscle. Note the invasiou of the adventitia by epithcilial eeOs at Z, N 
A mitotic figure is shown at 7. 
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DIHCIIHMION 

A careful survey of the i>icture of the various cultures 
studied iu this series of experimeuts shows a variety of 
histological chaugos taking place about identical fragmcnits 
of the same tissue of the same animal. Two variations which 
are associated with these changes in morphology are the 
medium and the arrangement of cc^IIs in the fragment. In a 
medium of chicken plasma lh(» connective-tissue ctdls were 
alone active in fragments of the rat’s ureter, excepting wher*? 
the ureters were turnc<l inside out and the epitludial cells 
were brought into contact with the medium. In the culturi's 
where embryonic extracts were addiwl t«> tlu^ nuMliuni tln‘re 
was a reverse dominance of the epithelial ctdls. In the cultures 
where the heteroijlnsma was used, the eintlu^Iial cells deg<Mi- 
erated, tlie connective tissue remained. In the prt^seiict^ of 
the embryonic extracts the ex)ithelial cells survivisl aiul <i(>- 
stroyed the connective tissue aiwl muscle. Burrows (’17) hats 
shown that the cells in fragments of In^art rnusch^ which 
arc ill contact with the medium may livtt and grow at the 
expense of other colls within the fraigincnts. In (Miltun^s of 
adult skin the epithelial cells fnspicntly d(>stroy tin* con 
nective-tissuc cells of the fraigment in any nuMliuin. In <>ul 
tures of embryonic skin when^ Iht? mesenchyme is tin* more 
densely cellular mass the meseiichynnt c(>Ils fnsiu(>ntly d(‘st roy 
and live on the degenerating epithelial cells. In my experi 
ments I have found the eiaithelial c(*ll <l(tgen(>raiing iiiohI 
frequently except where they tire on the outsidtt of the fraig 
ments or where the medium coutains embryonit* c>xtran‘ts. 
Where they are on tlie outside of tlui! fragments, thi*y migraite 
into the pure plasma. Where embryonic extracts are aid<b*d 
to the medium, they prey <ni the connective tissin^ atnl muselc 
cells of the fragment. 

There is no evidence in any instance tiiat these epithelial 
cells revert to a connective-tissue type. They disappear 
simply in the presence of actively growing connoclive-tissiu* 
cells in certain media and under certain conditions. Under 
other conditions and in other media these cells either migrate 
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into the medium or proliferate in situ and invade the frag¬ 
ment. “Where embiyonio extracts are added to the media, 
those colls proliferate in situ at the expense of the cozmeotive- 
tissue cells. They also invade the cozmective-tissue areas 
exactly as cancer cells invade the tissue of a host. These 
invadizig cells proliferate actively and in znany cases form 
large mziltinuclear c^ls. They have no basement membrane, 
but lie directly in contact mth the connective-tissue cells 
which they are attacking. 

Durizig the growth of these epithelial cdils the muscle, 
cozmective tissue, and endothelial cells are destroyed. In 
embryonic fragments Burrows had seen a similar active 
proliferation of mesenchyme cells and destruction of 
epithelium and blood vessels in a medium contaiziing embry¬ 
onic or tumor extracts. He has transplanted such fragments 
into the subcutaneous tissue of a host. When they are trans¬ 
planted at the proper time they continue to grow as sarcomata 
and kill the animal. Fragments of these sarcomata also grow 
and kill other hosts as often as they are transplanted to them. 
There is little doubt, therefore, that we will find that these 
adult fragments, in which the epithelial cells are dominating 
and growing, will continue to grow as true cancers if they 
are transplanted at the proper time into a host. 

The muscle and the connective-tissue cells which migrate 
into the medium lose all form peculiar to them in the ureter. 
This does not mean that they have changed their type. It 
simply means that these cells are simple fluid systems which 
become molded into shapes peculiar to their contacts. 
Fpithelial cells cozziing into contact with the side of a fibrin 
fibril also rassume a spindle shape on account of the shape 
of the fibril, and ziot because they have changed their type. 

The changes which these cells suffer in the cultures are 
not to be called dedifferentiation in the general sense as it 
is iised. These cells never change from one type into another. 
They suffer only a change in shape and in activity. We must 
assume that the differentiation of types or specialization is 
something peculiar to the embryo, but not to these types of 

TKIB ANATOMlOAli lUIOOBD. VOXj. 29, VO. 1 
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cultures. Wliether those cells are to grow and divido or to 
function is, on tlie other hand, merely a question of adapta¬ 
tion to their immediate environment. Burrows has demon¬ 
strated this fact in a study of embryonic heart-muscle cells. 
By slight changes in the mechanical arrangement of colls ho 
was able to transform a contracting heari-muscle cell into 
a growing cell which was not <listinguishable from a sarcoma 
cell and vice versa. The coniractiiig cell is simply a growijig 
or migrating coll with its metabolic reactions localised at one 
end. It is a cell which has bcc^ome polarissed througli specifics 
peculiarities in the organissation of its environment. (!hampy 
thought that the Bpindle-shai>od epithelial cells which I hav(t 
pictured in figure 5 luul changed to a connective-tissue type. 
There is no evidence whatsoever that this is true. 'Plufy an* 
still epithelial cells. They take the characteristic stain. They 
have simply clianged their shape as they are brought into 
contact with surfaces different from those of tiui Ixsly. In 
the same way I can find no evidence that thct inusclc) c(dls 
do more than change their shape in the cult.ur<*. 'rh<>! actual 
differentiation which detei'mines the ditTcreiit layers in tin* 
embryo is not disturbed in these cultures. Again, this <*hang(‘ 
in shape of the epithelial cells takes plac<') only in ct'rtaiii 
types of media. It is not a general type of chang<* as ('bainpy 
thought it to be. The words ^dedilTerentiation ’ and ‘greater 
differentiation’ as they have been used by dilT{*rent aulluirs 
are misleading. I think it better to call t hese changes nuu*(‘Iy 
‘adaptation to the medium.’ 

In further proof for these dcMluctioiis, Burrows (M.‘J -’JD) 
has shown that it is possible to rtiproduce rea<lily the same 
reaction about any group of fragments of the same lissiit* 
having the same cellular content. He accomplish(*d this only, 
however, when he was careful to cut the fragments the same 
size and to place them in the same thickness of layer of the 
same medium. 

The tissue culture is nothing more than a biological reaction 
between two distinct phases: 1) the tissue fragment or cells 
and, 2) the medium. The comparisons become possible only 



FAOTOttS BBatTIiATlKTO ItCOSPHOIiOOT OF TISSITB 


51 


when both factors are understood. The morphological char¬ 
acters peculiar to no. 1 can always be modified by no. 2, the 
medium. In the first factor we must consider the 
from wliich the tissue is taken, the age of the (embryo 

or adult). In the second factor we must know the behavior 
of the cells to the various constituents of the medium. If 
we are going to criticise the various results of the different 
authors, we must use their technic. A proof of these deduc¬ 
tions is the story of the cultures of the kidney in the literature. 
Champy found dedifferentiation when fragments of adult 
kidnoy are planted in pure plasma. Before Champy had 
begun his work, Burrows and Carrel had noticed tubules 
growing into the plasma from one out of a large number of 
cultures of the thyroid gland. In all other cultures the 
epithelial cells spread out as a membrane of cells. Atterbury 
found recently that when he plants pieces of nephrogenetic 
tissue of very young embryos on the area vasculosa he obtains 
a differentiation which looks much like that of the kidney. 
We can see from these experiments the various effects of the 
medium or the environment on the morphology of the cells. 

By my experiments I have shown throe distinct tyi>es of 
adaptation of tlio epithelial cells. The first type is shown 
in figure 4. In this figure one sees the epithelial cells spread¬ 
ing out as a membrane from the fragment and migrating out 
as single spiinlle-sliaped and spherical colls. Figure 6 
illustrates another form of adaptation. It is a drawing of 
a section of a fragment from a culture in which no epithelial 
membrane spread out from the fragment into the medium. 
The cells in this fragment have grown in situ. This growth 
is located chiefly in the cells nearest to the connective tissue 
and muscle. Corresponding with this activity in the epithelial 
layer, the connective tissue and muscle have undergone degen- 
(tration. A third type of adaptation of the epithelial cells to 
the cultures is illustrated in figures 7 and 8. In these figures 
one sees the migration and the growth of the epithelial cells 
into tlie connective tissue and the fatty tissue of the frag¬ 
ment. This type of reaction is typical of cancer. 
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In a few of the cultiires whore embryonic extract wne addctl 
I have also noticed intorestlnfn: cliaiiKos in the fat-tisHuc. One 
sees fibroblasts forming among the previously fat-laden cells. 
One also sees in a few places in sections of similar cultures 
areas in the periphery of the fragments whore the conneedive- 
tissue cells are proliferating. This proliferation is never so 
active, however, as that seen in the epithelium. The epithelial 
cells dominate in tlie cultures of the ureter when embryonic 
extracts are added to the medium. Only when the connective- 
tissue cells are widely separated from the epithelial colls 
do they become active. 

From these studies it is evidont that the type of reaction 
seen in any cell may bo varied by changing the medium as 
well as the arrangement of cells in tlio fragment. It was this 
fact that led me to change the words and phrases * greater 
differentiation,’ Medifferentiation,’ ‘anaplasia to connective 
tissue,’ ‘returning to the embryonic type,’ etc., to ilu« expres¬ 
sion ‘adaptation to the media.’ Using this i>hrase, we can 
eliminate tlie discussion in the literature and tlu^ gn^at dif¬ 
ferences in opinion in regard to the morphological (^liangtts 
occurring in the tissue cultures an<l coiu^linht that the dilTerent 
results obtained by different authors is only what is to l><‘ 
expected from the media and tissue tlu^y ustsl. 

Maximow has stated in a recent publication (’24) that In^ 
has seen breast epitholium grow and invade the connective 
tissue in a fragment of breast planted in a medium of blood 
plasma and an extract of bone-marrow'. He couhl not iMt- 
produce this picture In fragments of the breast plantiMl 
in a medium containing embryonic extracts. .1 hnv(!> obtained 
the same result in the ureter planted in a medium of plasma 
and embryonic extract. Barrows has reproduc(Ml it with 
extracts of cancerous tissue. 

In recent experiments Burrows has shown that the activci 
principle in the embryonic extract is a product of the 
oxidative reaction.in cells. This product acts according to 
its concentration to induce migration and growth in cells. It 
accumulates in any tissues where the cells are crowded 
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together and tlioir blood supply reduced. The ener^ of a 
tissue is proportional to the concentration of this substance. 
Cancerous tissue like embryonic tissue grows because the 
colls are crowded together in an area having a reduced cir¬ 
culation. This substance Burrows has called the ‘archusia.’ 

CONGlinSIONS 

1. 1 have studied the effect of the medium on the mor¬ 
phology of the cells. In different media the morphology of 
the same tissue and cells may be different. 

2. About fragments of tissue which contain epithelial cells, 
connective tissue and smooth muscle (ureter) planted in a 
heteroplasma without embryonic-tissue extract the most 
active cells are the connective tissue and muscle cells. The 
epithelium degenerates in a few days. The effect of the 
embryonic extract in both heteroplasma and homoplasma has 
been studied. In heteroplasma one sees membrane formation 
by the epithelial cells, but no growth and division. In homo¬ 
plasma one secs an active irregular growth and mitotic figures 
and an invasion by the epithelial cells of the surrounding 
tissue. 

3. Proliferation of the epithelial cells in vitro as noted 
in the last medium-is similar to the proliferation of carcino¬ 
matous cells in tlic body (figs. 7, 8, and 10). 

4. With a different medium and the same tissue one can 
reproduce differentiation, dedifferentiation, and retain the 
original specificity. I have called these changes therefore 
merely ^adaptations to the media.’ 

5. Many of the various changes described as peculiar for 
the tissue cultures have been explained by the differences in 
the medium used. Bhoda Erdmann states that we must 
have a normal type for the culture. It must be stated that 
every author has foimd evidently a normal type for the 
medium and the tissue which they used. The picture that, 
they have described is the normal one for their own particular 
cultures. In criticising the morphological results described 
by these different authors, it is .necessary to take into account 
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the media, the tissiio (ombryonio or atlult), the thickness of 
the layer of media, the nffe of the cnltnre, and the cxtrac-t 
which they used. 

7. Witluii certain limits it has been possible to modify 
the morphology of tissues by using tlie dilTeront me<1ia which 
have been devised. Those changes are merely changes in 
shape and physical structure, and not fundamental changes 
in the chemical characteristics of tlio cells. 

In conclusion I am indebted to the Itockofeller Fonndtitioii 
for the opportimity given me to work in the United States, 
especially Dr. Clifford W. Wells, anti I wish to exprttss my 
appreciation to Dr. Montrose T. Burrows for the courtesy 
of his laboratory, his personal interest, and the insiruction lie 
has given me. 
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TISSUE CULTURES OF PLANTS* 

W. HyCHAMBKEfl^ 

ST. ZfOtJXS. 

The oqatinuottB smbwHi of jplant tisrae in sterile 
cultures hM been reoenOy studied hy Robbins. He 
has found that the eaccased root ti^ from younsr 
seedlings will srow to the siacth transplant but oon- 
tmuous srowth of meristematic tissue W frequent 
transplantation has not been produced. These fra^- 
ments of embryonal tissue form normal differentiat¬ 
ed root tissue, with secondary and tertiary branches. 
Robbins.^used larse frasments* about 10 mm. lon^b 
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these resvdts with smaller fragments, 1 mm. lonst 
srown in test tubes. Up to the present in cul¬ 
tures of plant tissue a separation and misrration of 
the individual cells such ad is found m cultnrea of 
tissue from hiffher animals has not been reported. 
In some recent ex p e ri ments in which the tissue was 
fiprown in hanflrincr wop culture for microscopic study, 
miRration of the individual cells was noted in a root 
tip whidli had been accidentally injured. Since then, 
abundant misfration has been produced in very small 
root tip fragments, less than 1 mm. long. This sep¬ 
aration and misrration of the cells from the frag¬ 
ment is similar to that seen in animal cells. 

For these es^eriments squash seeds were steril¬ 
ized in chloramine T and germinated in one per cent 
agar. When the radicle had grown to 20 or 30 mm. 
fragments of embryonal tissue were cut from the root 
tips and planted in a nutrient medium of salts, i;>ep- 
tone, dextrose, and agar. The reaction of the medium 
was buffered with potassium phosphates to pH 5.6, 
which was the PH of a ground cotyledon extract 
and a ground squash seedling extract. 

This migration of the individual cells, like that in 
the animal tissue cultures, is gn^eatest on the sur¬ 
faces of the medium, although it also occurs through 
the center of the drop. On the upper surface of the 
agar, next to the cover glass, migration has been 
observed to a distance of 1.7 mm. from the tissue. 
On the lower surface a viscid film is seen diffusing 
from the tissue with the cells distributed more or less 
evenly through it. The cells are not merely floating 
free in a fluid, but are held immobile against shak¬ 
ing. A similar surface film has been found in cultures 
of young embryonic animal tissue and cancer tissue, 
but not in cultures of older embryonic or adult tis¬ 
sue in a salt solution medium. The migrating cells 
are not the dead, plasmolsrzed outer pells of the root 
cap, but are viable round and ovoid cells. After 
miration has ceacLed, some of the isolated cells be- 

~*Ab*fcraet of paper read 1»efore Uie Washinffton TJ nf vereity 
Medical Society, December 10, 1923. 


2 


conne plasmolyaied, otlien remain viable for many 
days* 

Wl&ile the mhpmtion of the plant cells resembles 
that of the odLls of the higher animals, yrrowth in 
the cultures of those small frasnmts is different in 
so far as it has been observed^ The animal cells 

S ow in mass without forminir a definite structure. 

itosis has been observed in Isolated cells. In the 
plant cultures, growth has always taken place in the 
fragment to sorm oxvanixed and differentiated root 
tissue^ No mitosis have been seen in the cells sep¬ 
arated from the fragment. 

The data show a definite relationship between the 
lenath of the root tip excised and the growth and 
migration from it. Typical migration was found 
on& in fragments under 1 mm. in lenath (tncludina 
the root cap). The best miaration was from tips 
between .5 and .8 mm. long- The arowth was mea¬ 
sured by increase in lenmi of the tissue fraamciit. 
The averaae arowih of me fraan&cnts increased di¬ 
rectly with the size of the fraament planted. The 
averaae arawth from .5 to .6 mm. fraaments was 
J27 mm., from j6 to .7 mm. was 65 mm., and from .7 
to .8 mm. was 2.27 mm. 

These data suascst that plant cells and animal 
cells will aaree in mai^ of their fundamental physi¬ 
cal reactions 

nxsctJssxoMr 

Dr. M. T. Bctrrows : As Dr. Chambers has pointed 
out all attempts to cultivate fraaxncnts of plant tissue 
in vitro have lead to the arowth of the total fraament 
rather than a separation, migration and arowth of 
the individual cells. From fiaaments of the tissue 
of hiaher animals placed in the cultures the cells 
invariably tend to become scattered in the medium. 
In these tissues arowth when it is seen occurs in 
these miaratina cells and not as a arowth of the 
mass. In cultures where plasma is tised as a me¬ 
dium the central cells of the fraament deacnerate 
to nourish the c^ls in the outer medium. Such 
arowth does not take place in every culture but is 
proportional to several factors. It is areatest al¬ 
ways about the vexy densely cellular fraaments and 
maximum about fraaments of these cellular tissues 
1 mm. in diameter, planted in layers of medium 
.5 mm. in thickness. In studyina the peculiarities 
of such a thicknesss of medium it was found that 
oxyaen diffuses in quantities sufficient to keep red 
cells red no areater than .5 mm. into plasma clot 
and no more than 1 mm. in most tissue fraament. 
The eicact distance for diffusion into the fraaments 
is more difficult to measure. 

In the plasma cultures it was found therefore that 
arowth was ax^test about the areatest mass of 
cells to be crowded into a small space where oxyaen 
miaht diffuse readily. In other words there is a 
quantity factor in arowth. Resolvina that it was 
found that the breakina down of the cell in the 
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fragment and tbe igrowth without d^^ended upon 
accun riu la t ion of a woduct of Ifxe metabolism of 
the celL As^ain this substance is formed in prpp o r* 
tion to the oaKygen oonsomed* It is apparently ea- 
sential for the proper brealriug down of materials 
and syndiesis in these odds. 

Or« Chambers* e x pe rim ents hxn shown that the 
same faictor holds in case of the plant cdlls. Larger 
fragments grow to form roots and stems while from 
the smaller fragments the cells become dispersed in 
the *"**^«<*M 

These fsicts have sdven further confirmation to 
the idea expressed by me that the particiilar organi¬ 
zation of me cancerous tissue is one of the most 
important fsMtors in determining its active g r o wth . 
The organization which is pectuiar to cancer is a 
crowding of the cells and a general reduction in 
the blood supply. A careful stu^ of the effect of 
substances and conditions which lead to cancer has 
shown that they lead to such a crowding of the 
cells. The work with cells in the cultures has shown 
the relation between this crowding and the STfowth 
of cells. 

Da. H. LJtSTaa Warim: What is the source of ni- 
trosren? Is nitrogen from peptone available for 
these cultures? 

Da. W. H!. CBAMBgas: The salt medium contains 
calcium nitrate* potassium nitrate* potassium phos¬ 
phates* potassium chloride* magnesium sulfate and 
ferric sulfate. This is a modification of Pfeffer*s 
medium which has been found adequate for the 
growth of normal adult plants. The nitrates are 
probably the main source of nitrogen. It has not 
been determined whether the increased growth from 
the addition of peptone is due to the increased sup¬ 
ply of nitrogen. 

Dr. H. L. Wbitu: Do the cells form fat? 

Dr. W. H. CsrAicBRRs: We have made only a 
few stains with osmic acid and found small stained 
granules* probably fat, distributed through the pro¬ 
toplasm of the migrated cells. 

Dr. Lao LoRb: Dr. Chambers concludes on the 
basis of his experiments that the reactions of plant 
tissues and animal tissues are in principle identical. 
However* Dr. Chambers has really compared only 
embryonic plant tissue with embiyonic animal tis¬ 
sue. In these two tissues he has shown very inter¬ 
esting analogies to exist. But if we compare adult, 
fully differentiated tissues* marked' differences be¬ 
tween animal and plant tissues become noticeable. 
The cells of adult plant tissues in tissue cultures seem 
to increase in size, the thickness of^ the cell wall 
may increase* but in general cell divuions and cdl 
movements seem to be absent. It is different in 
differentiated animal tissues. Thus Dr. Fleisher and 
I have found that fully differentiated tissues like 
those of kidney* thyroid may show multiplication 
actively by mitosis* even if no outgrowth into the 
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culture medium is visible. However, there Is a 
poss3>ilitar that it will be possible throufj^ special 
means to induce also plant tissues to divide ae~ 
tivelar* XIaberlandt has found that substances ex¬ 
tracted from Icptom mear call forth cell divisions 
in differentiated plant cdlls. Perhiups it will be 
possible throusfa addition of appropriate substances 
to the culture medium to obtain a real growth of 
differentiated cells even in the case of plant tissues. 

£>a. ‘W. XX. CKaMCBosae: Kotte in his artidte points 
out that the cell-division hormone of XXaberiandt is 
formed in embraronie tissue silfhoush he did not 
studar the adult tissue. X thmlc the points that Dr. 
I^oeb has made are vexar well tsleen. when we find a 
medium in which we can srow adult tissue bjr sMld- 
inff hormones or other food substance, possibly 
then we can iret the same results in adult tissues. 
Our experiments so far in the addition of leptom to 
the media have been unsuccessful. 


gWVpMrwoga / O m rntmtmMmOUml aaaoflMCfm. 
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THE GROWTH, HYDROGEN ION GONC^ENTRATION, 
SUGAR FERMENTATION, AND SURFAGE TENSION 
OF CULTURES OF PSKUDOMONAii TUMM- 
FACIENS AND PSEUDOMONAS 
CAMPESTRIS 

WILLIAM 11. CIIAMHNIIH 

(JProm the Reaeareh TjahonUariea oj the littriuml Frrt' ftkin mul Caneir IlmpUtd, mul the 
Department of Surgery, Wae/nngtmi tTnii<tTitity Srhmd nj Aledieine, Saint 

iMuia, Minmntri) 

In a study of the abiionual coll growth uiul tiiinor fonimtion 
in the crown gall of plants a fuixhunontal coiisidoration is 
metabolism of the causative agent, Pnrudomonnn InmvfaHvnit. 
Certain plant pathogens stimulate the host tissue to grow wliile 
others, such as the rot-producing organisms, <lestroy it. l*m‘tuto- 
monas tumefaciens belongs to tlie first <dass, wliile PsrudotNONa-M 
campesiris produces the black rot of crucifen'ous plants. 'I'o 
understand tlie growtli-stimulating propt'rtit's of Pavudowonan 
tumefadena it became of interest tf) study t<he I'ssential dilTitnuices 
in those products of the metabolism of Mu'si^ two organisms wbiidi 
might be rolateil to their ])athological action in tlu^ host plant.. 
Histological sections of tiunors produceil by wound inoculat ion 
with Pseudomomm iumefttcictm sliow no eviihuna'! t.liat the 
bacteria injure the plant cells. Tlie only apparent n^Midion is 
growth stimulation, an excessive cell division (1). Pnvudotn<nias 
campesiris on the other hand is entirely ilestriu^tive in its aiM.ion. 
It enters the water pore of the plant, traveds along tlu^ vasiailar 
system, and invades the surrounding ])arenchyjna. The mi<ldle 
lamella is dissolved and the cells are eventually destroy<Mi. 
Cavities are thus formed in the plant tissue (2). 

The extensive research of Erwin F. Smitli and his coworkers on 
Pseudomonas tumefadens and crown gall is well known. Hmit.h 
(3) ciiltured this organism in a medium of dextrose, peptone, and 
CaCOs. After eight to ten weeks of growth he made a single 
determination of the chemical changes produced in the medium. 
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The qualitative analysis of the substrate at this time showed the 
presence of aldehyde, acetone, alcohol, acids and (am¬ 

monia). By the injection of dilute solutions of these and many 
other chemicals into plants, he stimulated a marked cell pro¬ 
liferation, so he attributed the tumor growth from Pseudorrumas 
iumefadeTia to the osmotic and possibly the chemical action of 
these substances produced intracellularly by the metabolism of 
the bacteria. 

Harvey (4) reported a study of tumors produced on Ricimts by 
inoculation with Pseudomoncts tum^aciens. He foxmd that the 
expressed juice from the tumor tissue had a lower hydrogen ion 
concentration and greater catalase and oxidase activity than 
that of healthy stem tissue from the same plant. He deduced 
from this that the bacteria produced a local decrease in hydrogen 
ion concentration which favored the action of the respiratory 
onxyjncs. The freezing point method showed the same concen¬ 
tration of osmotic substances in the tumor as in the healthy 
tissue. However, he later noted in the wart disease of potatoes 
(caused by Chrysophlyctis endohioiica an increase in hydrogen ion 
<;on(;entration in the tumor tissue associated with an increase in 
(^ntulaso a(;tivity (5). 

Smith ((i) has recently found by the hydrogen electrode 
nu^thod that the hydrogen ion concentration of older tumor 
tissue is usually less than that of healthy tissue while it is some¬ 
times greater in younger tumors. He has also noted that a 
larger amount of acid is required by the tumor than by the 
healtliy tissue to neutralize it to a definite endpoint. 

Harding (2) has described the cultural characteristics of 
Pscudoftumas campestris. He found the best growth in a neutral 
or an alkaline medium with inhibition by acids. Potato cylin¬ 
ders were changed into a solid alkaline mass giving off the odor of 
ammonia. The starch was almost completely converted. 

For the experimental work presented in this paper Dr. Erwin 
F. Smith very kindly supplied a culture of Pa&udomonas tume- 
rademt which he had isolated from a hop gall. During the course 
of the experiments the pathogenicity of this culture was con¬ 
firmed in this laboratory by tumor production on Pelargonium 
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(Fig. 1). The author iw indebted to Dr. I-., li. JoncH for the 
culture of Psevdommias campestritt, Strain 8e, traiiHplauted Htock 
culture of the Department of Plant l*athologj^ lTnivernity of 
Wisconsin. 



FlO. 1. TlTMOli ON PkDAKOONIIIM KItOM iNOrULATION WITH 
Pw*udtmtofiaM iwmvJavimH 

TKCHNK^ 

The cultures were grown in 250 cc. of nunlia in 500 vv-. Fh)reiu*e 
pyrex flasks, and samples for testing were nnnoved aHepti<^alIy 
every 24 hours or as indicated in the data. Th(^S(% samples w<M*e 
used to determine the growth of the baett^ria, the changes in t.he 
hydrogen ion concentration of the media, ilu^ (quantity of 
reducing sugar fermented, and the changes in tlie surfaces tmision 
of the media. Observations were made on five different media. 
These were a “Difeo” beef peptone bouillon without dextrose 
and with 1 per cent dextrose, a natural potato decoction, a 
potato decoction with 1 per cent dextrose, and an asparagin-salt 
medium. The potato decoction was made according to Duggar, 
Severy and Schmitz (7). The asparagin-salt medium had the 
following formula: 
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AsDoxamn. .. nn 

NaiHP04. 

. K n «« 

KNO,. 

. 9 n " 

Na«0O,. 

. n 4. 

MgCO,. 


(NH4),S0«. 


ZnO. 

. and 

Fe,(S 04 ),. 


SiO,. 

. and 

Doxtrom. 

. uo 

Distilled HgO. 



The preparation of the beef bouillon, the colorimetric method 
of pH determination, and the general technic of the e 3 q>eriments 
have been given in an earlier publication (8). 

Growth was measured by the number of viable bacteria per 
cubic centimeter as determined by the plate count. The Ling 
copper reduction method (9) was used for the quantitative sugar 
tests. The amount of reducing sugar is expressed as grams of 
dextrose per 100 cc. of media. The surface tension of the media 
was measured with a du Noiiy tensiometer (10). The samples 
were thoroughly shaken and 1 cc. tested immediately to avoid 
the surface effects on standing reported for serum- by du Nolly 
(11). The surface tension was measured at room temperature 
and corrected to 25° The standard for the apparatus is 77 
dynes for distilled HgO at 25° C. (10). All cultures and plates 
were kept at 27° C. and the plates were counted after an incu¬ 
bation of five days. Cultures with the same series number (see 
tables) were inoculated at the same time and observed together 
so that the unimposed conditions were identical. 

DATA 

The first experimental cultures were grown in plain beef 
bouillon without dextrose, and the growth and the hydrogen ion 
concentration of the media were determined daily during the 
period of active growth and fermentation. The results of two 
cultures of Pseudomoncis tumefaciens and one of Pseudomonas 
campeslris are recorded in Table 1 and charted in Fig. 2. In the 
culture of Pseudomonas tumefaciens the period of the maximum 
number of viable organisms was reached about the fourth day 
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WbLeBdCterU per c.c. 
(Lo^^ 



Fig. 2. GBO^mn amd Htoboobn Ion Concbntbation or Paewlomonaa funn^aHma 
AND Paeudomonaa eampeairia in Plain Bbbf Bodillon at 27* C. 

- Paefudomonaa tim^cteiana---Tabla 1, Sories 8. 

- Paaudomonaa twnrfaeima—TaAila 1, Series 7. 

- Ptaudomonaa eampea^is—Table 1, Series 7. 
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TAWMB 1' 

Qrou^ and Bydrogtnlon Conoaniratfonilf PMucbmonoc 1m^fael0nB.andP*gudomo^^ 
eampetlHt in Pkdn Bttf BouBbm at IB 7 * Cj 
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and maintained until the seventh or ei^th day, after whi^ 
there was a gradual decrease in number. Except for a break in' 
the curves at five days, the growth of Pseudomonas campestris 
was HiTniiar to, altho'u^ not as great as that of Pseudomonas 
tumesfaciens. Alkali was produced steadily by each organism. 
Its production is more rapid and greater in the cultures of 
tumefaciens. This organism reduced the hydrogen ion concen¬ 
tration of the bouillon from pH 7.0 to pH 8.5 in eight days, while 
during the same period Pseudomonas campettris changed the 
reaction of the medium to pH 7.5. 

The results of the comparative action of the two organisms in 
beef bouillon with one per cent of dextrose added are given in 
Tables 2 and 3, and Figs. 3 and 4. The growth of Pseudomomu 
tumefaciens (Fig. 3) was fairly constant in the dextrose media 
and considerably .better than in "the absence of dextrose (Fig. 2). 
A 'ryift.’gi'miiTn of almost 2,000,000,000 "viable- bacteria per cc. 
were found in Series 7 and 1,000,000,000 in Senes 8 and 11* 
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TABXdB 2 

GfrotolAantf J7|fAno00A JmConoen(ni<io» PfatieEpinomw one! Paeudbnwfui* 

campn/tri* in On* Ptr C«nt Ihxtroat B*rf Bovettton at 27” C. 



PMMbmoYiot iumtJiifiienM 
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VABUB 3 

Onwth, SyAvgm Icn Concentration, and Desetroa* FermmttUbm in Ow /Vr Crnt 

Dentroae Betif Bouillon at 27” C. 
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Fia. 3. Gsowis and Hxdboobn Ion CoNCQBNKHAnoN or PMudBmonaa tumrfaeima 
IN Qnn Bob Cbnt DuanBom Baor BooxuiON ax 27" C. 

-Table 2, Series 7. 

-lUblei^ Series 8. 

' Table Sy Series 11. 
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Eio. 4. Gbowtb JtXD Htdboobn Ion CoNcaomtAiiOM or Pmidmonaa eampe$lrii 
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-Table 2, Secies 7. 

-TaUe 2, Series 8. 

- Table 8, Series 13. 
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There was praetioally. no differenoe between the growth of 
PBevdomonM campestria in the presence or in the Absence of 
dextrose (Figs. 2 and 4). The hydrogen ion concentration curves 
of the two organisms on the other hand are very aimilar in fibig 
medhun (Figs. 3 and 4). The reaclddn of the znediiuh iii ' 
culture was maintained.wiihin a narrow eone around 7.0 
until; between this fifteenth And twentieth day, when it became 
gradually more alkaline. The sli^ditiy greater acid productian 
in one of the cultures of Pseuddmofuu iumtifttciena {Table 2, 
Series 7) mi^t have been due to,its greater grottih, for in the 
other cultures the amount of . add l>roduoed was apparently only 
sufifident to neutralise the concurrent alkali production.' ' 

There was no^ appreciable difference between Paettdomonaa 
tum^cunena and P.aeudamonMcampesbria in their utilization of dex¬ 
trose, Table 3 gives the determinations at intervals of two days 
of the amoxmt of unfermented dextrose in the media, expressed 
in grams per 100 cc. of media.' Fermentation proceeded in 
each culture with an almost constant hydrogen ion concentration 
until between the fifteenth and twentieth day. At this time 
less than .01 gram of dextrose per 100 cc. of me^a was left in the 
culture. This period corresponds to the break in the reaction 
curve toward the alkaline which is mentioned above. When the 
dextrose was diminished to a concentration of about .05 per cent, 
the production of exceeded the acid-fermentation; conse¬ 
quently the hydrogen ion concentration of the cultures gradually 
decreased. The sli^t difference noted in Table 3 between the 
two cultures (Series 11 and Series 13) in the rate of fermentation 
of t.ViA deoctrose is probably not indicative of a difference in 
metabolism between the two organisms, but most likely it is; due 
to a difference in the two series (11 and 13),-^posmbly in the size 
of inoculum.' However, the same difference is seen in'a com- 
paris on of two different series of one of the organisms. Pseudo- 
monos tumefaciens, in Table 5. 

To observe these plant pathogens in a mediiim more nearly 
supplying their natural food, cultures were grown in a potato 
decoction with and without the addition of dextx^. The data 
Ufe presented in Tables 4 and 6, and in Jigs. '5 and 6. The 
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Fia. 5 . Gbowtb AMD Hidboobn Iom Ckmmnmjuam or Pstudmonaa iumrfaeiau 


m Potato Dboootiom at 27” C. 


—Natural Potato Deoootioa* Table 4^ Boub 11. 

' -One Per Cent DextroBe Potato DeeoetioiD, Table 5 , Setiei 11. 
— One Per Cent Deadxoee Potato peooetioo. Table 5 , Setiee 18. 
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Ito. 6. Qsowra AMD HtDBOGSM low CiowcQDincBAinow or Pttudemomu eampe^Tir 

nr PovATO DBOoonow at 97* C. 

-^^-Natonl Potato Deooetion, Tatde 4, Series 18. 

",-:-One :i^ Cent Dextrose Potato Decootion, Table 6, Series 18. 
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curves of 6 show th&t there was little-differeiioe in the action 
of PseudomonM tum^adens whether grown in beef bouillon or in 
potato decoction. Where dextrose was not added to the potato 
media' (Table 4) the growth-followed the general non-fermenta^ 
tive type, i.e. rapid growth followed by a gradual decline. A 
rapid production of alkali Himllftr to. that in beef bouiUbh is 
shown by the hydrogen ion concentration curve. The reaction 
of the anediiun progressed from pH 5.6 to pH 8.5 in twelve dasns. 
The dextrose potato cultures diowed the best growth of. all, a 
Tnaximuiu of 4,'200,000,000 viable bacteria per co. in Series 13. 
The dextrose was also fermented gradually as. in the dextrose 
beef bouillon (compare Series 11, Table 3, with Series 11, Table 
5). The hydrogen ion concentration decrease the first four 
days from pH 5.6 to pH 6.7.in Series 11 and pH 5.8 to pH 6.9 in 
Series 13, and then showed no change until practically all of the 
dextrose had been fermented, .05 per cent or less remaining. 
Then the reaction continued toward the alkaline. • The positive 
iodine test for starch showed no difference between these cultures 
of Pseudomoncu tumefaci^ and the uninoculated control flask 
of media. Tfie dextrose determinations diowed no increase in 
reducing sugar as in the culture of Pseudomomxs campesiria. 
Thus ho evidence was found of a conversion of the starch or 
other polysaccharides by PaeudomonM tumefcunena in the potato 
decoction media. 

Paeudomonaa campa^ria exhibited no xnarked difference in 
growth or reaction in the natural and in the dextrose potato de¬ 
coction coltuxes. The initial rise of the growth curves the first 
few days (Fig. 6) was followed by a second increase in numbers 
after the tenth day. The hydrogen ion concentration curves 
(Figs. 6) were practically identical up to the twentieth day. Re¬ 
gardless of -the fermentation of the dextrose the change in the 
reaction grew slowly and steadUy more alkaline, in contrast 
to the neutral reaction during the dextrose fermentation in beef 
bouillon (Fig. 4). The slight difference in reaction aftOT the 
twentieth day. may have been r^Uited to the difference in the 
amount of fermentable si^;ar present in the two culthres. 

The sugar determinations on the i>otato' decoction cultures of 
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PavudomwoB eampesiria (Tables 4 and 5) clearly illustrate the 
hydrolytic action of the organism on starch. In the natural 
potato decoctaon culture (Table 4) no traduction of the copper 
was found at the time of inoculation nor on the eifi^th di^y of 
growth. After that time there was an increasing reduction 
which reached a maximum on the seventeenth day, .30 gram per 
100 oc. of media, expressed in terms of dmctrose for convenience. 
Following this the fermentative action of the culture predomi¬ 
nated until on the thirti^HUxth day .08 per cent was found, and on 
the fifty-fourth day both the reduction test and iodine test for 
starch were negative, showing a complete conversion of the 
starch and fermentation of the reducing sugur. 

This stardh-hydrolyrdng action of Paeudomomu eampeafyia 
was confirmed in the dextrose potato decoction culture (Table 
5). It occunrad in both the cultures at about the same time, 
regardless of the fermentation of the dextrose added at inocu¬ 
lation. During the first fourteen days of growth (Table 5) the 
percentage of dextrose in the medium decreased from 1.00 to .54 
per cent, then increased to .91 per cent on tixe twentieth day and 
dedined again to .60 per cent on the thirty-sixth day. l>extro8e 
and a trace of starch were still present on the fifty-fourth day. 
A comparison of Tables 3 and 5 shows that whereas in dextrose 
beef boiuUon PaetidomorMa tumefaciena and Paeudomonaa cam- 
peatria fermented dextrose with equal rapidity, in dextrose potato 
decoction (Series 13) the reduction test on the fourteenth day of 
growth showed .07 per cent present in the culture of the former 
and .54 per cent in that of the latter. This would indicate either 
a decrease in rate of fermentation or a simultaneous formation of 
reducing sugar by Paeudomonaa campeatria in the potato 
decoction. 

The data for the cultures in the aq;>aragin-salt medium are 
given in Fig. 7. The rapid growth of Paeudomonaa ium^aeiena 
during the first two days is similar to tiiat in natural potato 
decoction (Table 6). The maximum of 1,108,000,000, bacteria 
per 00 . is reached in two days. There is a subsequeut inhibition 
to about the twelfth day whidi is not found in tiie other 
. The growth of Paeudomonaa eampaatria is siwiiii.y to that in the 
deoEtrose beef bouillon (Fig. 4). 
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Fia. 7. Gsowna amd B.'taaoomi Ixof GoNCHomuTiON or PMudamonaa iumrfaeiau 
AMD Pteudomonm fiampetbria nsr AsPABAOQHSAXiT Mbdidv ax 27* C. 

- Paeudomonaa etmpaatria. 
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Mkdium DUBmo OsowTH OF Paeudomonaa hmrfadana iAin> Paaudomonaa eoanpeatria 
AT 27* C. 

- Patfudomonaa tumtfaama. 

- Paaudomonaa campetiria. 

I and U. Plain Beef Bouillon, 
m and IV. AsparaginHBalt medium. 

A significant difference in the two organisroe is fo\md in the pH 
ciuwes. Regardless of the presence of .5 per cent dextrose 
Paetidomonaa tvmefudena lowered the hydrogen ion concentration 
of the media very rapidly, from pH 6.4 to pH 8.3 in five days. 
Pseudomonas campeotris on the other hand showed an acid 
fermentation up to the twentieth day similar to that in dextrose 
beef bouillon. This was followed by an al k al in e reaction. 

The changes in surface tension in the medium were observed in 
plain beef bouillon cultures and in the cultures in the asparagin- 
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Fio. 9. SxnHTACDD Tmtems or Fonuao DBooonoN dubino Orowtu or 
Paeudomonat tumifadana and Patudomonaa eampeatria at 27* C. 

L Psaudbmonos tumafaeSaaa in Natural Potato Deooetion. 

U. Paeudomonaa tumddetana In Potato Decoction + Ether Extraot of Potato, 
m. i^MucZomoficw compctfris in Natural Potato Decoction. 

IV. Paaudmanaa eampaatria in Potato Decoction + Ether Extraot of Potato, 
y. Uninoculated CSontrol of Potato DecooUon + Ether Extract of Potato. 

salt medium shown in Fig. 7. These surface tension curves are 
piCMnted in Fig. 8. The difference in the two organisms is quite 
apparent. Both organisms increase the surface tension in beef 
bouillon (Curves 1 and II). Paettdomoncta eampeeiria, however, 
increases the surface tension almost 6 dynes more th an Psew- 
domonaa tunuffodena. In the aspaxaginHsalt medium (Curves 
III and lY) the former causes practically no change in surface 
tension whereas the latter decreases it 5 dynes. In the culture of 
Paeudomonaa fumefaeiena in bedl bouillon there was no change in 
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surf&iCO t wnB i o n (Cuxvb 1) In tho fiist tihroe days <rf gr ow lTi- 
Duiing this Isjno the mun-beir of viable -bacteria increased from 
420,000 per cc. to a maxinrmm of 876,000,000 per cc. Aod the 
reaction chan ged from pEE 6.8 to pS 7.6. The m.™** effect is 
seen in the asparaginHsalt medium culture {Ourve IH), i.e. there 
was no change in surface tension during the iwit-ml period 
rapid growth. This is not true for Paeudommuu etwvpes^ris 
(Curve 11, Fig. 7) where a maxirmiTn growth is reached in 8 
days. These results indicate that Pasudosionaa tumefacAena 
synthesises a siuface tension lowering substance in a simple salt 
medium whereas Paeu^knnonaa campesbris does not. The data 
also surest that the siuface tension changes in the are 

connected with the fermentative rather than the growth re¬ 
actions of the organisms. 

An experiment was xnade to observe the ability of these organ¬ 
isms to destroy the natural surface tension lowering substances of 
the plant cells. Cultures were grown in potato decoction and in 
potato decoction with the addition of an ether eartract of potato.^ 
One of the flasks of the latter medium served as an uninoculated 
control of the changes in Ihe surface tension and pH. The data 
are given in Table 6 and the surface tension changes are shown in 
Fig. 9. The cultures of Psaudornonaa tume^adena (Table 6,1 
and II) show no appreciable difference in growth or pH changes 
due to the presence of the ether extract. The same is true for 
the cultures of Paeudmnontia campeabria (Table 6, III and IV). 
Both of the latter cultiures, however, show an unaccountable 
decline in growth on the second day widch has not been found in 
the other cultures in potato decoction. 

The surface tension of the iminoculated control increased 
progressively 2 dynes during the first twenty days and decreased 
1 dyne in the next 10 days, with no change in pH. In the potato 
decoction cultiu^ of both organisms (Fig. 9, Curves I and HI) 
the surface tension changes are coincid^t with the iTiitial rapid 
growth. They differ in this respect from the culture in be^ 

^ 287 gtasns of potato were dried, gtouiid in a mortar, and extmeted in odd ettod- 
ethor. The ether filtrate was evapoowted, taken np in absolote ethyl aloobol, divided 
equally into 8 sterile fladoi, and the aloohdevapoxated. The eterile potato deeoction 
medium was then added to the fiaake. 
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bouillon (Fig. 8, Curves I and II). Otherwise the surface 
tension changes produced by P^seudimonas tum^aekna in natural 
potato decoction and in beef bouillon are very similar. Pseudo¬ 
monas eampestris does not increase tiie surface tension in the 
potato decoction to the same eactent as in the beef bouillon. A 
decrease in surface tension between the sixth and twentieth day 
is followed by a sharp increase. 

The addition of the ether extract to the natural potato de- 
ooctiLon in Cultures II and IV (Table 6) lowered the surface 
tension 8 and 7 dynes respectively. After 30 days of growth the 
difference between Cultures I and II and between Cultures III 
and IV was only 8 and 2.5 dynes respectively. This would 
indicate that both organisms destroy in part the surface tension 
lowering substances contained in the ether extract. 

nXSCTTSSION 

The growth of these two organisms is not essentially different. 
Pseudomonas tumefadens gives the better growth in beef bouillon 
and in dextrose potato decoction. In the asparagin-salt medium 
and in the natural potato decoction the maximiun growth of both 
organisms is approxunatdly the same althouidx Pseudomonas 
tumefaoiens shows a more rapid early growth. The reaction of 
the medium for the optimum growth of Pseudomonas tume- 
faeiens is about neutral. Growth inhibition appears about pH 
8.0 on the al k a lin e side. Acid production in one culture to pH 
6.2 did not seem to be inhibitory. Pseudomonas campestriB has 
an optimum growth in a slightly alkaline medimn, between pH 
7.0 and pH 7.6. Inhibition is found at an alkalinity between p H 
7.5 and pH 7.9 and at an acidity of pH 6.0. 

From the pH curves alone one would conclude that Pss'udo- 
tnonas iurnefaciens produced a greater increase in hydroxyl ion 
concentration than Pseudomonas eampestris. A calculation of 
the a lk ali production per individual cell per hour shows that this 
is not the case. With the exception of the data of Table 1 the 
acid fer menta tion of the added dextrose or of the sugar formed 
from the hydrolysis of starch interferes with calculating the 
alkali production from the change in pH of the culture. Baker, 
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Brew, and Conn (12) have pointed out the difEonlties involved in 
accurately' computing the fermentation per per hour. While 
it is evident that the data of Table 1 are not adapted to an exact 
calculation, they are sufficient for a comparison between the two 
organisms. In as much ah the growth curves follow an arithme¬ 
tic rather than a geometric curve of increase during the greater 
paiTt of the first four days of growth, Rahn*s formula instead of 
Buchanan’s has been tised (12). 

The culture of Pseudwnonas tum^eunena (Series 7, Table 1) 
increased from 220,000 to 524,000,000 bacteria per pc. in four 
days with a change in reaction from pH 7.0 to pH 7.6, while the 
comparable culture of Paeudomonaa campeatria (Table 1) grew 
from 105,000 to 134,000,000 bacteria per cc. and changed the 
reaction from pH 7.0 to pH 7.3 during the same time. The 
titration curve of the media showed that .015 cc. of a 0.1 normal 
alkali solution per cc. of media were required to change the 
reaction from pH 7.0 to pH 7.3. The calculated alkali pro¬ 
duction per cell per hour during the first four days of growth is 
.000,000,000,006,6 cc. of 0.1 N alkali for Paeudomoncut tume- 
fadena and .000,000,000,012 cc. for Paeudomonaa campeatria. 
Thus Paeudomonaa tumefadena produces a greater change in the 
pH of the culture medium in plain beef bouillon through a faster 
growth whereas Paeudomonaa campeatria yields almost twice as 
much alkali per cell per hour. 

In the asparagin-salt medium the alkali production of Paeudo¬ 
monaa tumdadena is probably greater than that of Paeudomonaa 
campeatria. As this medium contains .5 per cent dextrose the 
exact alkali production cannot be calculated. However, the 
latter organism only yields sufficient alkali to neutralize the acid 
fermentation during the first four days of growth. The culture 
of Paeudomonaa tumdadena during the same time produces an 
excess of alkali over acid to change the reaction of the culture 
from pH 6.4 to pH 8.5. 

A correlation of these results on reaction changes in the media 
with the data of Harvey (4) and of Smith (6) on the pH of tumor 
would indicate that Paeudomonaa fum^adena lowers the 
hydrogen ion concentration of the host plant tissue when 
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growing in the plant as it does that of the medium when growing 
in culture. The fact that Paev^^mwncvs eampeatria produces in 
some cases more per cell than Paetidomonas tumefaciem 

makes it appear doubtful that alkali production per ae is a factor 
of importance in tumor production. 

The frequent observations mad^ in these experiments furnish 
a detailed picture of the action of Peeudomonaa eampeatria on the 
plant carbohydrates. The cultures in potato decoction show 
the conversation of the starch and prol>ably other polysac¬ 
charides of the plant cells to reducing sugar, the fermenting of 
the sugar, and coincidentally the gradual production of an alka¬ 
line reaction. Paeudomonaa tum^aeiena gave no evidence of a 
starch hydrolyzing action in potato decoction cultures or on 
starch agar plates. The fermentative activity of these orgnii- 
isms in culture appears to be correlated with their destriuM-ivci 
action as parasites. Paevdonumaa eampeatria shows the <Uust atic; 
action in culture and in the host plant dissolves t.he middle 
lamella and eventually destroys the plant cells, wluTetis I*aeutto- 
monaa tum^adena gives no evidence of a starcdi-nt <.Hcking 
property and causes a proliferation instead of a dc^^triudlon r>f the 
host plant cells. 

In comparing the two organisms as to the changes in surface 
tension which i^ey produce in the media, the outstanding difft^r- 
ence is ^e formation of a surface tension lowering su})Mtanco by 
Paeudomonaa tumefadena. This is seen in the asparagin-salt 
medium in which Paeudomonaa tumeifaciena lowers thet stirfatM* 
tension about 5 dynes whereas Paeudomonaa eamticatria (uiuscs 
practically no change. The difiEerenoe is confirmed in the becd 
bouillon cultures. Both organisms raise the surface tension but 
the increase caused by the former is 5 dynes loss than that of the 
latter. In the potato decoction the difference is nut so grtiai. 
During tiie first four days Paeudonumaa tum^adena increased the 
surface tension 3.5 dynes and Paeudomonaa eampeatria increased 
it 6 dynes. Otherwise the surface tension curves for the potato 
decoction cultures are much the same. It is interesting to note 
that both thrae organisms attack the surface tension lowering 
substances in the ether extract of the dried plant tissue. 
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Ayers, Rupp, and Johnson (13) and Larson (14) have shown 
the influence of changing the surface tension of ^e media oh the 
growth of bacteria. Larson and Evans (15) have also found that 
with B. coU and B. subULis the changes in surface tension during 
the growth vary with the different brands of peptone. The 
growth of the organisms is not given however. The ecspeii- 
mental data of this paper show a similar variation in the two 
plant pathogens according to the medium used. A comparison 
of growth curves and surface tension curves of Pseudomonas 
tunu^fadens in the different media indicate that surface tension 
changes in the cell during growth are not necessarily reflected in 
the media. In both the asparagih-salt media and in the beef 
bouillon there was no detectable change in the media during the 
initial period of rapid growth of the bacteria. 

StTMMABY 

The m aximum growth of Pseudomonas tumefadens and Pseu¬ 
domonas cani'pestris is approximately equal in the natural potato 
decoction and in the asparagin-^alt medium. In beef bouillon 
and dextrose potato decoction Pseudomonas tumefcLciens gave the 
better growth. 

The greater production by Pseudomonas tume^aoiens 

than by Pseudonumas campestris in natural potato decoction and 
in plain bouillon is due to the greater growth of the former. 

The alkali production per- cell per hour of Ps&udomonas 
campestris is about twice that of Pseudomonas tumefadens in 
pTn-in bouillon, but is probably not so large as that of the latter 
organism in the asparagin-salt medium. 

Pseudomonas campesiris, the destructive parasite, hydrolyzes 
the starch and ferments the resultant reducing sugar in potato 
decoction cultures. Pseudomonas tumefadens, the growth stimu- 
lutiiiig organism, ^ves no evidence of a starch-attacking property. 

A de<!rease in the surface tension of the asparagin-salt medium 
is caused by Pseudomonas tumefadens. Both organisms destroy 
in part the surface tension lowering substances in the ether 
extract of dried potato tissue. 

There is no change in surface tension in two of the media 
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during the initial period of rapid growth in the cultures of 
Paeudtmumoi tumej’adena. 

The author is indebted to Dr. B. M. Duggar for the facilities of 
the Besearoh Laboratories of the Missouri Botanical Cturdou 
during the early part of the work. 
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Fluid exystal* und meriatematic growth. 

FBANCIS O. SCHMnnr an^ WILUAM H. CHAMBERS 
(Intveduaad bf* ML T* Borrow*}. 

{From the Research Laboratories of the Barnard Free Skin and 

Cancer Hospital, and the Department of Surgery» Washing’- 
ton University School of Medicine, St. Louis, Mo."] 

In an attack upon certain phases of the problem of meriste* 
matic growth, a cs^tological investigation of the cells «if the 
squash root tip was made. Tissues fixed in fluids which preserve 
lipoidal structures, such as formalin-bichromate mixture, and 
osmic acid revealed structures which warrant description. 

The growing tips were fixed liy two to three weeks impregiui- 
tion in 2 per cent osmic acid, after the Koixsch-Manii tecltni(|tu'. 
The sections were mounted in l)alsam unstained. In such prc])a- 
rations there appeared granules of varying sizes but of luiiforinly 
high refringency. These granules were practically rfumtl, and in 
ordinary light the centers appear lighter than the periphery. They 
are present in all parts of the tip. In the growing point they are 
small and occur from three to six to the cell and are usually 
clumped in one comer or are arranged along the cell wall. Sonte 
cells, however, appear to \x devoid of these characteristic gran¬ 
ules. In the highly vacuolated cells they are much larger and 
fewer to the cell than in the tip. In such cases they are almost 
invariably found to lie at the periphery of the vacuole, close to 
the cell wall. The object in making these osmic acid preparations 
was to determine whether any strurtures are present which might 
correspond to the Golgi bodies of animal cells. It is not certain 



FlLtTiD Crybtaijs Mbkistbmic Growth . . 

whether these granules are actually C^lgi lIxMiies. C^er .g;ra^ 
ules which are not birefringent are also present and the prc^balality: 
is that they represent different stages in Ihe metabolic activity of 
the cell. There is no ^d^ce of a canalicular apparatus sudh as 
Bensley' found in the cells of the omon root tip. 

When these granules were studied with the polariahg micro* 
scope they were found to be uniaxial sphaerorcrystals. A very 
good imitation of these crystals may be obtain^ by irtalring a 
thin smear of lecithin on a slide and treating the smear with 2 
per cent osmic acid for a short time. Upon examinaticm of such 
a preparation in polarized light, eadi of the many highly refrin- 
gent droplets displays a black cross in the center, if the axis of 
the crystal is parallel to the optical axis of the microscope. 

These birefringent droplets belong to the dass of substances 
first termed by Lehmann, fluid crystals. Since then, Friedd* has 
suggested that this state of matter be called the mesomorphic 
state, being neither fluid nor crystalline, but possessing many of 
the properties of both states. The birefringent structures found 
in these cells seem furthermore to be in the state corresponding 
most closely to the subdivision called by him the nematic state. 

The significance of the fact that many cell structures sudi as 
lipoidal granules, mitochondria, and perhaps the Golgi bodies are 
in the mesomorphic state in normal cell function is just begin¬ 
ning to be appreciated by cytologists and cell physiologists. In a 
valuable review of the subject, Giroud* has very recently called 
attention to the formative and proliferative power of sub^nces 
in this state, with especial emphasis on mitochondria. In view of 
the rapid rate of division and growth of the meristematic cells, 
the suggestion is offered that the fluid crystalline bodies found in 
these cells may be important factors in this high rate of activity. 
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